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1.0  INTRODUCTION  AND  SUMMARY 


1.1  INTRODUCTION 

This  document  is  Part  B,  Component  Der^gn,  of 
the  Airframe  Design  Report  and  one  of  a  l  jries 
of  documents  under  Volume  n,  Technical/Air¬ 
plane,  called  for  by  the  FAA  Request  for  Propo¬ 
sal  for  Phase  m  of  the  Supersonic  Transport 
Development  Program.  The  Airframe  Design 
Report  is  published  in  five  parts: 

/Part  A,  Weight  and  Balance 
(V2-B2707-6-1) 


V 

JJtetion  5.  0  conJBns^a  fatigue  analysis^  Grinding 
/  fatigue  criteria  and  environment,  analysis  pro- 
/  cedure,  fatigue  damage  summaries,  fatigue  an- 
/  alysis  results,  and  1-g  stress  levels., 

1.2  SUMMARY 

The  structural  arrangement  of  the  B-2707,  as 
shown  in  Fig.  1  2,  with  its  variable  sweep  wing 
and  integrated  ta  .1,  has  the  following  outstanding 
structural  features: 


Part  B,  Component  Design 
(V2-B2707-6-2) 

PartC,  Design  Criteria,  Loads,  Aerody¬ 
namic  Heating,  Flutter 
(V2-B2707-7) 


Part  D, 


Material  and  Processes 
(V2-B2707-8) 


Part  E, 


Structural  Tests 
(V2-B2707-9) 


1 

!  •  Excellent  slow-speed  characteristics  are 

\  achieved  by  continuous  full -span,  leading- 

edge  and  trailing-edge,  high-lift  wing  devices 
uninterrupted  by  engine  inlets  or  exhausts. 

•  A  deep  wing  is  possible  as  a  result  of  the 
fully  integrated  wing  and  horizontal  tail, 

I  along  with  attendant  advantages  of  maximum 
space  for  systems  and  fuel  containment  and 
a  more  efficient  primary  structure.  Space 
within  the  trailing  edge  permits  a  more  effi¬ 
cient  flap  system. 


This  book  describes  the  production  version  of 
the  B-2707.  Minimal  differences  will  exist  be¬ 
tween  the  production  and  prototype  airplanes  be¬ 
cause  of  availability  of  materials,  processes, 
and  facilities  ^ 

Section  2.0  conta4^  a  general  discussion  of  the 
structural  design.  _  ^  * 

it, 

Section  3. 0  cont&gq^a  complete  description.of 
structural  design  features  of  the  wing,  fuselage, 
empennage,  control  surfaces,  and  landing  gear, 
including  drawings  of  all  major  assemblies. 

Figure  1-1  in  a  thrflP-viyy;  drawing  of  the  B-27J7. 

Section  4. 0  cohtehMja  preliminary  stress  analy- 
sisr-hjjyluding  methods  of  analysis,  stress  levels, 
member  sizes,  allowable  stresses,  and  analysis 
and  description  of  fail-safe  designs.  An  analy-  > 
sis  of/structure  designed  by  sonic  or  high-tem- 
perajure  effects  is  included.  _ . _ ^ _ _ 


The  integrated  wing-tall  airfoil  allows  a 
deeper  lower-fuselage  lobe  with  decreased 
structural  weight,  increased  stiffness,  and 
more  space  for  fuel,  cargo,  and  landing  gear 
stowage. 

The  design  of  the  aft-retracting  landing  gear 
allows  continuity  of  the  side  fuselage  struc¬ 
ture. 

The  double-pivoting  fuselage  nose  provides 
forward  and  side  vision  superior  to  present 
commercial  jet  transports. 

Afi  engine  location  eliminates  exposure  of 
the  fuselage  and  tail  surface  to  high  temper¬ 
atures  from  engine  exhausts  and  minimizes 
exposure  of  structure  to  high-sonic  levels. 

The  integrated  wingplanform  allows  a  fixed 
horizontal  tail. 


\  ^ 


\ 
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•  The  four-post  landing  gear  allows  unit 
gear  loads  to  be  reduced  to* a  value  con¬ 
sistent  with  commercial  subsonic  jets. 
Compatibility  with  existing  airport  pave¬ 
ment  is  therefore  ensured. 

•  A  high  degree  of  l  anding  safety  is  ensured 
because  the  airplane  can  be  landed  at  design 
sink  rates  with  one  or  both  front  main  gears 
retracted,  and  at  a  reduced  sink  rate  with 
both  rear  gears  retracted. 

•  The  extended  forebody  design  provides  a 
forward  ground-contact  surface  in  die  event 
of  a  nose-gear-up  landing. 

•  The  long  stroke  on  the  aft  gear  provides 
soft-landing  characteristics  and  reduces 
dynamic  loads. 

Titanium  6A1-4V  is  used  extensively  throughout 
the  airframe  structure.  Its  selection  evolved 
from  company  studies  begun  before  1958  of 
materials  for  supersonic  flight.  Titanium 
6A1-4V  has  the  following  advantages: 

•  It  is  the  most  thoroughly  proved  of  all  ti¬ 
tanium  alloys. 

•  it  has  high  fracture  toughness  at  high- 
strength  levels  for  all  operational  environ¬ 
ments,  permitting  a  structural  design  with 
good  fall-safe  characterietice. 

•  Optional  heat  treatments  provide  maximum 
strength-to-w eight  ratios  for  each  applica¬ 
tion. 

•  Weldability  is  excellent. 

Improved  high-strength  steels  are  used  In  cer¬ 
tain  moderate  temperature  areas  having  ex¬ 
tremely  high  loads  and  are  of  the  same  heat- 
treat  levels  as  used  on  present  Boeing  commer¬ 
cial  transports. 


Skin  stringer  construction  is  used  throughout  all 
primary  structure;  this  construction  has  the 
following  advantages: 

*  Highest  strength-weight  compression  effi¬ 
ciency  in  heavy-  and  medium-load  applica¬ 
tions. 

*  Proved  construction  from  the  standpoint  of 
reliability  and  ease  of  manufacture. 

*  Structure  that  is  easily  Inspected  and  re¬ 
paired. 

*  Durable  structure  resistant  to  damage. 

Bonded,  metal-face  honeycomb  panels,  with  high- 
temperature  adhesives,  are  used  extensively  for 
light-gage  secondary  structure.  This  application 
is  an  extension  of  technology  being  used  on  com¬ 
mercial  and  military  airplanes.  The  following 
advantages  are  obtained: 

*  Lowest  weight  construction  for  lower-load 
applications. 

*  Best  known  resistance  to  lightning-strike 
penetration.  This  quality  provides  much 
greater  safety  than  minimal  gage  skins  used 
as  fuel  tank  coverings.  Lightning-strike 
resistance  in  fuel  compartments,  where 
honeycomb  construction  is  not  used,  is  pro¬ 
vided  by  the  thick  skins  required  for 
strength  considerations. 

*  Superior  sonic -resistant  qualities. 

*  Excellent  aerodynamic  smoothness  under 
operational  environment. 

*  Inherent  thermal  insulation  qualities.  This 
minimizes  weight  of  fuel  compartment 
walls  by  elimination  of  insulation. 
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2.0  STRUCTURAL  DESIGN 


2.1  STRUCTURAL  DESIGN  APPROACH 
Comprehensive  design  development  and  study 
programs  were  conducted  during  Phase  II-C 
along  with  structural  and  material  testing  to 
establish  an  optimum  structural  design.  The 
objective  of  these  studies  was  to  refine  the 
structural  features  of  the  configuration  such 
as  the  wing-pivot  area,  wing-stabilizer  inter¬ 
connects,  movable  nose,  and  landing  gear  and 
combine  them  into  a  safe,  economical,  struc¬ 
tural  design  tnat  will  meet  or  exceed  the  en¬ 
vironmental  and  operational  requirements.  The 
results  of  these  studies  constitute  the  proposed 
structural  design  and  are  detailed  in  this  book. 

The  company's  experience  in  commercial  trans¬ 
port  design  greatly  facilitated  obtaining  the 
best  structural  configuration  for  all  regimes  of 
flight  and  airline  operation.  Design  personnel 
on  the  B-2707  Program  held  key  positions  on 
previous  commercial  programs.  Coordination 
was  maintained  with  company  commercial 
programs  such  as  the  707  and  727  programs 
and  also  with  customer  airlines  to  keep  abreast 
of  current  operational  experience .  In  areas 
such  as  the  wing-pivot  where  operational  experi¬ 
ence  is  limited,  extensive  test  programs,  struc¬ 
tural  analysis,  and  design  studies  were  initiated. 

Inasmuch  as  maintenance  costs  are  among  the 
highest  recurring  expenses  in  all  airline  opera¬ 
tions,  maintainability  is  a  primary  structural  de¬ 
sign  parameter.  Design  features  are  constantly 
monitored  to  ensure  provisions  for  inspection, 
servicing,  repiiir,  adjustment,  and  removal  and 
replacement. 

Mockups  have  been  used  in  the  development  of  the 
structural  configuration  of  the  B-2707  to  optimize 
space  with  regard  to  structural  and  systems  re¬ 
quirements.  Mockups  have  been  used  extensively 
to  establish  crew  vision  requirements  for  design 
of  the  movable-nose  section;  mockups  will  also 
be  used  to  effectively  manage  structural  and  sys¬ 
tem  interfaces  throughout  Phase  III. 


2.2  AIRFRAME  DESIGN,  GENERAL 
Skin  and  stringer  construction  is  used  in  struc¬ 
tural  boxes  of  both  the  wing  and  tail  and  the 
semimonocoque  fuselage  shell.  This  construc¬ 
tion  is  a  logical  extension  of  design  concepts  of 
subsonic  commercial  transports  and  is  com¬ 
patible  with  inspection  and  repair  methods  used 
on  present  subsonic  jets.  Titanium  6A1-4V  has 
been  selected  as  the  primary  structural  material; 
this  selection  is  discussed  in  Part  D,  Materials 
and  Processes  (V2-B2707-8),  of  the  Airframe 
Design  Report. 

Thin  gage  titanium  6A1-4V  sine  wave  webs  are 
used  extensively  throughout  the  wing  and  tail  in 
rib  construction  and  in  the  fuselage  floor  beams. 
The  webs  are  welded  to  flange  material  produc¬ 
ing  a  lightweight,  shear -resistant,  economical 
structure.  These  webs,  when  used  in  fuel  com¬ 
partments,  provide  effective  resistance  to  fuel 
slosh. 

Lightweight  honeycomb  construction  is  used  in 
secondary  structural  applications  such  as  flaps, 
slats,  spoilers,  elevons,  wing  strake,  rudder, 
elevators,  doors,  panels,  and  leading  edges  of 
the  horizontal  and  vertical  tail.  Figure  2-1  il¬ 
lustrates  the  uses  of  honeycomb,  honeycomb  is 
the  most  efficient  means  of  meeting  the  requir- 
ments  of  aerodynamic  smoothness,  panel  load¬ 
ing,  and  thermal  insulation.  It  also  permits 
greater  spacing  of  supporting  structure,  with 
more  uninterrupted  space  for  systems  and  fuel 
storage,  and  improved  airflow  around  aerody¬ 
namic  surfaces.  It  has  superior  resistance  to 
lightning  strikes  and  is  an  excellent  thermal  insu¬ 
lator  for  fuel  tanks,  eliminating  the  use  of  ad¬ 
ditional  insulating  materials. 

Honeycomb's  proved  quality  of  being  highly  fa¬ 
tigue-resistant  makes  it  ideal  for  structural 
surfaces  located  in  areas  of  high  sonic  levels, 
such  as  control  surfaces  in  the  vicinity  of  the 
engine  exhaust.  When  used  as  external  panels, 
it  is  also  highly  resistant  to  aerodynamic  flutter. 
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Honeycomb  construction  consists  of  titanium 
faces  with  glass -reinforced  fabric  core  bonded 
with  high-temperature-resistant  polyimide  ad¬ 
hesives.  Face  sheets  vary  in  thickness  to  suit 
load  requirements,  with  0.006  in.  as  the  mini¬ 
mum  gage.  A  wide-overlap  edge  design  with  in¬ 
creased  edge  thickness  prevents  moisture  pene¬ 
tration.  The  honeycomb  core  is  a  nonperforated 
type  that  prevents  venting  of  the  entire  panel 
cavity  and  moisture  accumulation. 

2.3  FATIGUE  AND  FAIL-SAFE 
The  design  objective  is  a  fatigue  life  of  50,000 
hours  with  minimum  maintenance.  This  objective 
is  achieved  by  careful  consideration  of  the  fol¬ 
lowing: 

•  Material  selection 

•  Operating  stress  levels 

•  Design  details,  including  all  joints  and 
attachments 

•  Corrosion  prevention  including  material 
compatibility 

•  Past  airplane  service-life  experience 

Comprehensive  testing  completed  and  scheduled 
in  support  of  development  and  selection  of  vari¬ 
ous  fatigue-resistant  designs  are  discussed  in 
Part  E,  Structural  Tests,  V2-B2707-9;  and  Part 
D,  Materials  and  Processes  (V2-B2707-8)  of  the 
Airframe  Design  Report. 

In  addition  to  fatigue  resistance,  Boeing  criteria 
require  fail-safety  in  the  design  of  basic  struc¬ 
ture.  It  is  obtained  through  the  use  of  load  paths 
such  as  the  following: 

•  Wing  and  tail  multistiffener  multiple  panels 
for  primary  structure 


•  Numerous  fuselage  longitudinal  stringers 
designed  with  fail-safe  straps  attached  to 
the  skin 

•  Wing-pivot  dual  lug  structure 

Where  fail-safe  criteria  arc  not  feasible,  safe- 
life  criteria  are  applied. 

2.4  STRUCTURAL  ACCESS 
Nonstructural  access  provisions  arc  used  for 
structural  and  system  inspection,  service,  and 
repairs  (see  Fig.  2-2).  Easily  visible  markings 
on  all  doors  and  openings  arc  provided,  with 
maximum  use  of  the  Air  Transport  Association 
indexing  system.  For  each  mechanically  at¬ 
tached  removable  panel,  identical  bolts  arc  used 
for  each  fastener  diameter. 

2.5  ENGINEERING-MAINUFACTURING 
COORDINATED  DOLLAR  SIGN  SURFACES 

Engineering  and  Manufacturing  will  agree  on  key 
tooling  index  surfaces  early  in  the  design  stage. 

The  surfaces  and  pertinent  tooling  information 
will  be  published  jointly  by  Engineering  and  Oper¬ 
ations  in  a  pictorial  document.  Tooling  will  be 
fabricated  by  indexing  the  tool  faces  to  these  sur¬ 
faces  which  are  designated  dollar  sign  ($)  surfaces. 

The  design  will  provide  for  changes  in  structural 
member  sizes  or  thickness  caused  by  airplane 
growth  or  other  changes  with  no  effect  on  dollar 
sign  surfaces.  This  results  in  minimum  tooling 
changes  and  minimum  program  costs.  A  similar 
practice  is  used  on  company  subsonic  jets. 

A  description  of  the  dollar  sign  tooling  philosophy 
and  selected  typical  surfaces  for  the  Model  B-2707 
is  shown  in  the  Manufacturing  Program, 
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3.  0  DESIGN  DESCRIPTION 
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3.1  WING  CONSTRUCTION 
"Hie  wing  definition  is  shown  in  Fig.  3-1.  The 
wing  is  pivoted  at  approximately  29  percent  of  the 
wing  semispan  (wings  aft) .  The  wing  and  stabi¬ 
lizer  are  an  integrated  design  such  that  in  the 
aft  position  the  wing  and  stabilizer  form  a  single, 
large,  airfoil  section  for  the  major  portion  of  the 
wing.  The  elevon  and  outboard  section  of  the 
wing  (aileron  area)  form  separate  surfaces. 

This  design  results  in  much  greater  depth  of 
structure  for  both  the  wing  and  stabilizer  than  is 
possible  with  nonintegrated  wing-stabilizer 
design. 

In  the  high-speed  cruise  configuration,  the  wings 
are  swept  aft  to  an  angle  ot  72  degrees  measured 
at  the  wing  leading  edge.  In  the  subsonic  speed 
configuration,  the  wings  are  swept  forward  to 
leading  edge  angles  as  low  as  30  degrees.  As  the 
wing  is  swept  forward  from  the  aft  position,  the 
flaps  move  rearward  providing  a  smooth  wing- 
airfoil  section.  At  the  42-degree  wing  position, 
the  outboard  flaps  may  be  lowered.  At  the  30- 
degree  position,  the  inboard  flaps  and  the  leading 
edge  slats  may  be  used. 

Figure  3-2  shows  the  structural  arrangement  of 
the  wing.  The  major  features  of  the  wing  are  the 
following: 

•  A  movable  outboard  section 

•  The  main  struc  tural  box,  inboard  of  the  pivot, 
extending  continuously  through  the  fuselage 

•  A  large,  forward,  inboard  section  (strake) 

•  Support  of  the  main  landing  gears  from  the 
primary  w  ing  box 

•  Fuel  carried  in  the  three  major  wing  sections 

•  Trailing  edge  flaps  from  the  side  of  the 
fuselage  outboard  to  the  aileron 

For  the  primary  wing- landing  material 
(titanium  <>A1-4V).  the  upper  panel  surface  uses 


i 

a  special  heat  treatment  providing  a  high- 
compression  yield  strength.  For  the  lower  panel 
surface,  critical  in  tension,  another  special 
heat  treatment  is  used  to  obtain  high  fracture 
toughness  and  long  fatigue  life.  Certain  com¬ 
ponents,  such  as  flap  tracks,  use  a  high-strength 
steel . 

TTie  primary  wing-bending  structure  is  a  con¬ 
ventional  skin  and  stringer  configuration,  using 
two  spars . 

The  wing  box  has  skin  and  stringers  that  are 
relatively  thick,  with  close  stiffener  spacing. 

The  selected  rib  spacing  of  this  structure  gives 
a  high  strength-to-weight  ratio.  Other  advantages 
are  as  follows: 

•  The  internal  structure  can  be  inspected 
through  man-size  nonstructural  access 
doors  (see  Fig.  2-2). 

•  Repair  is  easily  accomplished. 

•  TTie  structure  can  be  produced  at  reasonable 
cost. 

•  A  reliable,  quality  product  can  be  produced 
because  the  design  is  not  a  great  departure 
from  previous  manufacturing  experience. 

3.  1.  1  Outboard  Variable-Sweep  Portion 

3 .  1 .  1 .  1  Wing  Box 

For  the  primary  wing-box  structure,  the  two 
spars  are  built  of  extruded  chord  sections  with 
stiffened  webs,  tapered  in  the  spanwlse  direction. 

The  upper  and  lower  surfaces  are  stiffened  by 
'/-section  stringers  mechanically  joined  to  the 
skin  panels  by  titanium  fasteners  and  supported 
by  ribs  as  shown  in  Fig.  3-3.  Both  the  stringers 
and  skins  are  tapered  in  thickness  in  the  spanwise 
direction  either  by  machining  or  chem-milling. 

Stringer  spacing  varies  as  determined  Ttt-tnr 
siderations  of  structural  efficiency,  fail  safety, 
and  aerodynamic  smoothness. 
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The  upper  and  lower  surfaces  are  divided  into  a 
number  of  skin  panels  of  limited  width  to  provide 
fail-safety.  These  panels  are  joined  by  titanium 
fasteners. 

The  typical  wing  ribs  in  the  inner-spar  area  are 
spaced  at  approximately  27  in.  and  are  of  built- 
up  construction  of  light-gage  corrugated  webs 
that  are  fusion  welded  to  a  flange  cap.  At 
concentrated-load  locations,  special  ribs  are 
used. 

The  inspar  area  serves  as  an  integral  fuel  tank. 

A  lightweight,  fuel-tank  insulation  material  is 
added  to  the  lower  surface.  Filleted  tank  sealant 
is  used  at  all  skin  splices.  The  titanium  rivets 
used  to  attach  the  wing  stringers  to  the  upDer- 
and  lower-skin  panels  are  self-sealing,  consistent 
with  current  practices.  Access  to  the  fuel  cells 
is  provided  through  nonstruetural  clamp-or 
doors  of  honeycomb  construction. 

Forward  of  the  wing  front  spar,  the  fixed 
structure  is  fabricated  of  light-gage  sheet, 
riveted  to  light-gage  nose  ribs  that  maintain 
contour  and  carry  shear  loads  to  the  front  spar. 
This  assembly  is  installed  by  titanium  fasteners 
(see  Fig.  tl-4).  Access  is  provided  through 
removable  honeycomb  panels  in  the  lower  surface. 

3.  1.  1.2  Slats 

The  double-segment,  leading-edge  slats  are 
supported  on  heat-treated  steel  tracks  located 
as  shown  in  Fig.  3-5.  Needle-bearing  track 
rollers  are  used.  Light-gage  honeycomb  con¬ 
struction  with  machined  rib  formers  is  used. 
Replaceable  rub  strips,  mechanically  attached, 
are  provided  at  contact  areas  between  surfaces. 
Hailstone  resistance  is  provided  by  increasing 
the  skin  gage  at  the  slat  nose. 

3. 1. 1. 3  Spoilers  and  Movable  Trailing- Edge 
Panels 

Spoilers,  trailing-edge  flaps,  and  an  aileron 
occupy  the  area  aft  of  the  rear  spar  (See  Fig.  3-6). 
The  spoilers  are  simple  built-up  honeycomb 
structures  with  ribfe  and  machined  spars,  hinged 
from  support  fittings  attached  to  the  rear  spar 
(see  Fig.  3-7).  Antifriction  hinge  bearings  are 
used.  Each  spoiler  is  actuated  by  hydraulic 
power.  The  honeycomb  upper-surface  trailing- 
edge  panels,  aft  of  the  spoilei  are  actuated 
to  be  compatible  with  flap  position  and  wing 
sweep  such  as  to  give  a  faired  upper-surface 
airfoil  in  the  subsonic  cruise  condition  (see  Fig. 
3-G). 


3. 1.1. 4  Flaps 

Three  double-segmented,  double-slotted,  trailing- 
edge  flaps  are  used  (see  Fig.  3-6).  The  forward 
segment  of  each  flap  is  supported  by  three  high- 
heat- treated  steel  tracks  that  cantilever  from 
the  rear  spar  (see  Figs.  3-8  and  3-9).  Each 
main  segment  is  actuated  by  two  screw  actuators. 
The  aft  segment  is  movable,  relative  to  the  main 
section,  and  moves  on  steel  tracks.  Actuation 
is  accomplished  by  mechanically  picking  up  the 
motion  of  the  flap  screws.  Flap  segments  are 
constructed  of  light-gage  honeycomb  panel 
structures  and  extruded,  machined,  longitudinal 
members  assembled  with  titanium  fasteners 
(see  Fig.  3-10).  Access  panels,  attached  by 
bolts,  are  provided  in  the  lower  surface.  Conven¬ 
tional  track  roller  bearings  are  used. 

3. 1. 1.5  Aileron  and  Trailing-Edge  Fixed  Panels 
The  aileron  is  fully  powered.  Fixed  areas  of  the 
wing  trailing-edge  structure  and  the  aileron  (see 
Fig.  3-11)  are  fabricated  of  light-gage  honeycomb 
construction.  Hinge  bearings  are  the  conventional 
antifriction  type. 

3. 1.  1.6  Wing  Tip 

The  wing  tip  is  an  interchangeable,  light-gage 
honeycomb  assembly. 

3. 1. 1. 7  Wing-to-Stabilizer  Interconnect 
Two  shear-connection  attach  points  are  used 
between  the  wing  and  the  horizontal  tall  (see  Fig. 
3-12).  The  function  of  this  connection  is  to 
ensure  aerodynamic  alignment  between  the  wing 
and  stabilizer  in  supersonic  cruise.  The  design 
is  such  that  the  inboard  connection  engages  before 
the  outboard  connection  as  the  wing  sweeps  aft. 
This  is  to  minimize  any  possible  mismatch  during 
that  operation.  A  funnel  arrangement  is  used  to 
ensure  engagement.  The  outer  shear  connection 
is  located  at  the  outboard  engine.  Both  shear 
connections  serve  a  dual  purpose  by  acting  as 
wing  flap  supports. 

3. 1.2  Inboard  Fixed  Portion 

3. 1.2.1  Wing  Box 

The  inboard  box  structural  details  are  similar 
to  those  of  the  outboard  box  structure.  One 
difference,  as  shown  in  Figs.  3-2  and  3-13,  is 
that  wing  ribs  are  replaced  by  fuselage  floor 
beams  and  intercostals  that  are  attached  to  span- 
wise  beams.  The  basic  wing  box  is  permanently 
attached  to  the  fuselage  by  forged  fittings  attached 
to  the  front  and  rear  spar,  which  are  carefully 
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tailored  for  consistent  vving  and  fuselage  deflection. 
Further  definition  of  this  structure,  including  the 
side  of  the  fuselage  rib,  is  found  in  the  fuselage 
structural  description  in  Par.  3.2. 

The  upper  and  lower  skin  panels  and  fasteners 
are  fillet  sealed  at  the  spars  and  skin  splices. 

Inside  the  fuselage,  a  triple  seal  is  provided 
Ix'tween  the  fuselage  compartment  and  the  fuel 
tank.  This  is  accomplished  by  sealing  all 
stringers,  fasteners,  and  skin  splices  on  both 
the  wet  and  dry  side  and  applying  a  fluorinated 
elastomer  overcoat  to  the  dry  side.  Insulation 
is  applied  to  the  complete  lower  surface  of  the 
fuel  tank.  In  addition,  insulation  is  applied  to 
the  upper,  inside  surface,  outboard  of  the  side 
of  the  fuselage. 

3.  1.2.2  Gear  Support 

The  outboard  main  landing  gear  is  attached  to 
the  front  spar  of  the  wing  at  two  trunnion  bearings 
located  at  the  rugged  wing-pivot  structure  (see 
Fig.  3-14).  The  landing  gear  side-brace  backup 
structure  is  near  the  side  of  the  fuselage  at  the 
stiff  wing-to-fuselage  attachment  fittings.  Loads 
are  distributed  into  the  primary  wing-box  structure 
through  large  forgings  and  rib  assemblies.  The 
inboard  main  gear  is  attached  to  the  wing  rear 
spar  and  fuselage  The  design  provides  for 
failure  of  the  gear  without  rupture  of  the  struc¬ 
tural  box. 

3.  1.2.3  Forward  Inboard  Section  (Strake) 

The  large  inboard  structural  assembly,  forward 
of  the  primary  wing  box,  is  continuously  attached 
to  the  side  of  the  fuselage  at  the  strake  surfaces 
and  at  each  strake  rib  location.  The  aft  con¬ 
nection  is  made  along  the  front  spar  of  the 
primary  wing  box. 

The  exterior  honeycomb  panels  are  supported 
by  typical  ribs  of  corrugated  web  design  as  shown 
in  Fig.  3-15.  Spars,  tank  end  ribs,  and  wheel- 
well  beams  are  of  a  built-up  web-stiffener  design. 
Forward  of  the  auxiliary  spar,  the  fixed  leading- 
edge  area  is  covered  by  light-gage  sheet,  stiffened 
by  spanwise  stringers  and  die-formed  ribs. 

The  strake  area  aft  of  the  leading-edge  auxiliary 
spar  serves  as  an  integral  fuel  tank.  Fillet  tank 
sealing  is  used  around  the  edges  of  the  large 
honeycomb  panels.  The  titanium  face  honeycomb 
panels  provide  a  fuel-impervious  tank  wall  with 
excellent  insulating  properties.  Access  to  the 
area  is  provided  by  nonstructural  clamp-on  doors 
located  in  the  lower  surface. 


3.  1.2.4  Landing  Gear  Doors 
Each  outboard  main  landing  gear  retracts  into  a 
well  within  the  strake  and  is  enclosed  by  four 
main  landing  g^r  doors  and  two  small  gear  strut 
doors.  The  main  doors  are  hinged  along  the 
wheel-well  side  wralls  and  operated  hydraulically, 
and  sequenced  to  open  before  gear  extension  and 
to  close  when  the  gear  is  fully  extended.  The 
small  strut  doors  open  with  gear  extension  and 
remain  open  while  the  gear  is  down. 

All  doors  are  sandwich  construction  with  honey¬ 
comb  core  and  titanium  sheet  faces  similar  to 
those  shown  in  Fig.  3-16.  Door  latches  are 
provided  to  hold  doors  to  contour  when  they  are 
closed  and  subjected  to  airload.  In  the  event  of 
failure  of  the  main  hydraulic  system,  opening  of 
the  forward  main  gear  doors  is  provided  by  a 
separate  hydraulic  system  and  separate  actuator. 
The  wheel  doors  can  be  manually  disconnected 
and  opened  for  ground  servicing.  Hinge  and 
latch  pins  have  dry  film  lubrication.  When  closed, 
doors  are  sealed  by  glass-cloth-reinforced 
fluorocarbon  rubber  seals  around  the  edges. 

3.  1 . 2 . 5  Slats 

The  single-segment,  leading-edge  slats  for  the 
inboard  wing  portion  are  supported  on  steel 
tracks  located  as  shown  in  Fig.  3-17.  Needle- 
bearing  track  rollers,  and  light-gage  honeycomb 
construction  is  used  (see  Fig.  3-18).  Hail  pro¬ 
tection  is  provided  by  reinforcement  of  the  nose 
area.  Replaceable  rub  strips,  mechanically 
attached,  are  provided  at  contact  areas  between 
surfaces. 

3. 1.2.6  Flap 

The  inboard  end  of  the  inboard  flap  is  supported 
from  the  side  of  the  fuselage;  the  outboard  end  is 
supported  by  a  beam  structure  that  runs  from  the 
wing  pivot  aft  to  the  horizontal  tail,  as  shown  in 
Fig.  3-19.  The  outboard  edge  of  the  flap  closure 
doors  are  also  supported  along  this  beam. 

The  inboard  flap  is  supported  and  actuated  by  a 
linkage  system  as  shown  in  Fig.  3-20. 

In  addition  to  serving  as  a  conventional  high-lift 
device,  the  inboard  flap  also  acts  as  a  deflector 
to  prevent  engine  inlet  ingestion  of  foreign 
material.  The  surface  panel  construction  is 
honeycomb  material,  supported  by  conventional 
inner  rib  and  spar  structure  as  shown  in  Fig. 

3-21.  The  lower  surface  is  bolted  to  allow 
replacement.  Use  of  titanium  skins  and  the  glass- 
fiber  core  construction  will  provide  a  durable 
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long-life  surface,  much  tougher  than  aluminum 
construction  in  use  on  subsonic  jet  aircraft. 
Replaceable  rubbing  strips,  attached  by  mechan¬ 
ical  fasteners,  are  provided  at  points  of  contact. 

.‘5 .  1.3  Wing  Pivot 

3.1.  3.  1  Actuator  Support 

The  wing-pivot,  screw-actuator  support  structure 
is  mounted  on  the  rear  spar  of  the  outboard  and 
inboard  sections  of  the  wing  box  as  shown  in 
Fig.  3-22.  Dual  load  path  fail-safe  provisions  are 
incorporated  in  the  design.  The  major  portion  of 
the  structure  is  composed  of  heavy  forgings. 

:j.  1.  :i.2  Wing  Pivot 

The  wing  pivot  design  is  shown  in  Figs,  3-23  and 
3-24.  The  pivot  design  consists  of  an  upper  and 
lower  journal  bearing  mounted  in  the  outboard¬ 
wing-section  pivot  lugs.  A  large  plug  is  mounted 
in  the  journal  bearing  that  bears  on  the  inboa rd- 
wing-seclion  lugs.  In  this  manner  the  wing 
bearing  loads  are  transmitted  through  the  pivot. 

A  thrust  bearing  between  the  outboard  wing  lugs 
and  the  upper  plug  transmits  vertical  load  from 
the  outboard  tank  end  rib  through  the  pivot  (see 
Fig.  .4-24).  Bolts  and  a  shear  transfer  plate 
transmit  the  vertical  load  to  the  inboard  curved 
spar.  Torsion  loading  is  transmitted  as  a  couple 
load  in  the  journal  bearing.  The  upper  and  lower 
wing  lugs  have  upper  and  lower  members,  each 
of  which  i.-  t  apable  of  carrying  80  percent  of  limit 
load  tin  dynamic  magnification  factor  of 
1.  If**  i  manner,  fail -safe  design  is 

obtained  mtrol  system  and  fuel  lines  are  routed 
through  tlu  pi\ol  centerline.  Studies  (Ref.  1) 
and  mockups  show  that  this  configuration  gives 
the  simplest  and  most  reliable  syetem  design. 

The  journal  bearing  consists  of  two  sui  faces  of 
self-lubricating  0. 012-in. -thick  Teflon  fiber 
interweave  fabric  bonded  to  stainless  steel  races. 
Sizing  of  the  components  and  operating  stress 
levels  are  selected  to  give  long,  trouble-free 
service  life.  One  bearing  surface  is  spherical 
to  provide  for  misalignment.  The  other  bearing 
surface  is  cylindrical  to  prevent  transmittal  of 
vertical  loads  through  the  bearing.  Bearing 
rotation  can  occur  on  cither  of  two  surfaces;  the 
spherical  or  the  cylindrical.  The  center  race 
floats,  distributing  the  wear  to  two  surfaces. 

This  results  in  excellent  pivot-bearing  wear  life. 
The  sliding  motion  takes  place  between  the  steel 
and  the  Teflon-fabric  surface. 


The  wing  vertical  shear  loads  are  carried  on  a 
replaceable  Teflon-bronze  bearing,  sliding  on  a 
replaceable  steel  strip,  at  the  upper,  outboard 
area  of  the  pivot  (see  View  I,  Fig.  4-24). 

Bearing  pressures  arc  low,  giving  long-wear 
life.  No  lubrication  is  required.  These  thrust 
bearings  are  in  segments  and  can  be  replaced 
without  disassembly  of  the  wing-pivot  journal 
bearing. 

Simple  seals,  compatible  with  the  airplane 
environment,  are  provided  to  preclude  bearing 
contamination. 

The  pivot- bearing  components  are  designed  to 
give  a  long  trouble-free  service  life.  Company 
bearing  development  tests  are  discussed  in  Part 
E,  Structural  Tests  (V2-B2707-9),  of  the  Air¬ 
frame  Design  Report.  Tests  of  quarter-scale 
and  full-scale  pivot  bearings  demonstrate  that 
the  pivot  bearings  will  function  satisfactorily 
for  the  operational  life  of  the  airplane.  The  full- 
scale  bearing  has  been  tested  under  simulated 
airplane  variable  loadings  and  environments  for 
.'10, 100  ground-air-ground  cycles  without  showing 
appreciable  wear.  Because  of  the  thinness  of 
the  Teflon  bearing  material,  bearing  w'ear  does 
not  impair  the  functioning  or  reliability  of  the 
assembly,  or  adversely  affect  wing  stiffness. 

As  part  of  the  bearing  test  program,  a  reliable, 
easy  method  of  checking  the  pivot  wear  condition 
has  boon  developed.  The  method  consists  of 
measuring  the  electrical  capacitance  across  the 
bearing.  The  bearing  configuration  is  excep¬ 
tionally  suited  to  this  method  of  check.  A  local 
thin  or  worn  area  of  the  bearing  can  be  reliably 
and  simply  detected.  Wear  tests  show  that  after 
the  initial  warning,  as  detected  by  the  electrical 
capacitance  measurement,  appreciable  wear  life 
remains  in  the  bearing.  This  will  allow  the  air¬ 
plane  operator  to  schedule  a  routine  bearing 
replacement  at  his  convenience.  Aerodynamic 
forces  on  the  wing  tend  to  move  the  wing  forward, 
giving  a  high  margin  of  wing  actuator  power 
available  to  move  the  wings  forward  in  case  of 
an  increase  in  bearing  friction. 

Electrical  bonding  across  the  pivot,  from  the 
outboard  section  to  the  inboard  section  of  the 
wing,  is  provided  by  a  metal-to-metal  pressure 
rub  strip  attached  to  the  pivot-bearing  lug 
structure.  Electrical  tests  involving  simulated 
lightning  strikes  are  scheduled  (Refs.  2  and  3). 
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Access  doors  for  complete  lns|ecllon  of  primary 
structure  and  systems  in  tho  pivot  urea  art' 
provided  iih  shown  in  Fig.  2-2. 

To  conduct  a  complete  lns|>octlon  or  replacement 
of  tlu<  pivot  beuring  assembly,  the  following  pro¬ 
cedure  is  recoin mondud.  Tho  outboard  wing  in 
jacked  into  Jig  jiosilion,  relieving  Injuring  loads. 
After  removal  of  tho  pivot  fairing  and  outer 
thrust  hearing  assemblies,  tho  plug  retainer  bolts 
are  removed.  This  uIIowh  tho  plug  (hou  Fig. 

3-23)  to  bo  removed  using  n  wimple  puller.  The 
untlrolallon  plate,  shear  transfer  plate,  and 
retainer  are  removed  with  the  plug  retuiner 
bolls  The  inner  thrust  bearings  are  removed 
allowing  the  installation  of  the  tearing  puller. 

Hie  Journal  Injuring  in  cooled  with  ll<|idd 
nitrogen  and  removed  by  the  bearing  puller. 

The  bearing  removal  in  accomplished  without 
separating  the  outboard  wing  section  from  the 
inboard  wing  section.  For  replacement,  the 
journal  beuring  assembly  is  cooled  with  liquid 
nitrogen  and  inserted  in  place. 

:i.2  FUSELAGE 

The  fuselage  structural  arrangement  is  shown  in 
Fig.  :i-2.r).  The  deep  fuselage  provides  the 
following  advantages: 

•  High  dynamic  stiffness  with  minimum  weight 

•  Space  for  cargo,  fuel,  continuous-wing  center 
section,  and  aft  main  gear 

•  Improved  lower-lobe  frame  design 

The  inboard  profile  drawing  in  the  System 
Engineering  Report  (V2-B2707-1)  shows  the  space 
arrangement. 

To  facilitate  manufacturing,  the  fuselage  is 
divided  into  six  sections  as  shown  in  Fig.  3-25. 
This  figure  shows  boundaries  of  the  pressurized 
volume.  The  movable  forebody  allows  excellent 
subsonic  crew  vision. 

Pressurized  compartment  access  doors 
are  the  inward-opening  plug  type.  Full 
and  visible  markings  with  the  maximum 
use  of  the  Air  Transj>ort  Association  in¬ 
dexing  system  arc  provided  on  access  doors 
and  openings.  Service  doors  are  retained 
to  the  airplane. 


A  cargo-restraining  and  prossuru-sufoty  bulkhead 
is  located  at  the  forwurd  end  of  the  uft  cargo 
compartment  It  protects  the  passongers, 
systems,  und  oquipmont  from  tho  uft  cargo.  In 
the  event  of  a  decompression  in  tho  curgo  com- 
IMirtment,  Die  hulkhcud  retains  cubin  pressure. 

Major  assemblies  are  described  in  detail  in  the 
following  paragraphs. 

3.2.  1  Movable  Forebody 

Movable  forebody  construction  details  ore  shown 
in  Fig.  3-20.  The  movable  forebody  provides 
the  best  compromise  of  vision,  drag,  maintain¬ 
ability,  weight,  and  reliability  that  extensive 
study,  testing,  and  mockup  evaluation  could 
develop. 

The  forebody  design  is  of  conventional  Bkin, 
frame,  and  longeron  construction.  This  provides 
efficient  structure  and  resists  hall  damage. 

The  forebody  is  operated  about  a  fixed  hinge  by 
means  of  a  ball-bearing,  screw-type  actuator. 

The  actuator  is  normally  powered  by  two  electric 
motors  each  operated  from  a  separate  power 
source.  Operation  time  is  15  sec  down  and  15 
sec  up.  Loss  of  either  motor  results  in  opera¬ 
tion  at  twice  the  normal  operating  time.  As  an 
emergency  feature,  in  the  event  that  both  motors 
fail,  a  manual  disconnect  allows  a  free  fall  of  the 
forebody.  A  rate-limiting  device  restricts  free 
fall  to  prevent  a  large  Impact  load  on  the  down 
stop.  To  eliminate  the  possibility  of  the  forebody 
extending  during  supersonic  cruise,  a  mechanical 
device  lock  the  forebody  in  the  up  position. 

The  forward  section  of  the  forebody  rotates 
about  a  pivot  forward  of  the  forebody  windows. 
Sequencing  of  the  forward  section  is  accomplished 
by  a  torque  shaft,  extending  forward  from  the 
gear  box,  that  actuates  the  aft  section.  Rotation 
of  this  shaft  actuates  a  ball  screw-type  actuator 
that  moves  the  forward  section  at  the  same  rate 
as  the  aft  section.  This  allows  the  weather 
radar  antenna  and  pitot  probe  to  maintain  align¬ 
ment  during  forebody  actuation  and  provides 
suitable  ground  clearance  for  runway  and  taxi¬ 
way  markers  and  snow  banks.  Slides  attached 
to  the  forebody  engage  with  rails  that  are 
mounted  on  the  forward  pressure  bulkhead. 

The  rails  provide  reaction  for  side  loads.  The 
forebody  structure  is  designed  for  actuation 
up  to  Mach  0.90  or  375  knots  calibrated  air¬ 
speed  (CAS). 
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A  seal  is  maintained  between  the  fuselage  and  the 
aft  section  of  the  forebody  during  the  full  range 
of  travel  to  reduce  aerodynamic  drag  and  noise 
caused  by  air  circulation.  The  foreward  section 
is  also  sealed  with  the  aft  section.  The  ability 
of  the  forebody  to  function  under  extreme  operat¬ 
ing  environment  will  be  verified  by  test  (see  Part 
B,  Hydraulics,  Landing  Gear,  Auxiliary  Systems 
(V2-B2707-11),  of  the  Systems  Report).  Nose 
radome  Information  is  contained  in  Part  A, 
Environmental  Control,  Electric,  Navigation  and 
Communication  (V2-B2707-10),  of  the  System 
Report. 

Windows  in  the  forebody,  as  shown  in  Fig.  3-26, 
provide  cruise  vision  as  defined  in  the  V2-B2707- 
11  document.  Laminated  assemblies  of  chem¬ 
ically  tempered  glass,  similar  to  Corning  Glass 
Co.  0315  high-strength,  high-temperature 
material,  are  used.  Stannous  oxide  coating  is 
applied  on  the  inner  surface  of  the  aft  side  window 
and  aft  portions  of  the  upper  windows  to  reduce 
infrared  absorption  during  supersonic  cruise. 
Materials  such  as  Dow-Corning  XR63449  inter¬ 
layer  are  currently  being  evaluated  for  the  inter¬ 
layer  portion  of  the  laminated  assemblies. 
Defogging  of  the  side  windows  is  accomplished  by 
blowing  air  on  the  inner  surface. 

A  nose-gear-up  landing  that  will  minimize  danger 
to  the  flight  crew  and  passengers  can  be  accom¬ 
plished  by  the  B-2707  airplane.  In  the  event  of 
a  nose-gear-up  landing,  initial  contact  will  be  on 
the  main  gear.  The  forebody  in  the  extended 
position  will  contact  the  runway  approximately 
15  ft  aft  of  the  probe.  A  portion  of  the  lower 
forebody  will  abrade  and  deform  to  absorb  energy 
before  contact  of  the  reinforced  structure  as 
shown  in  Fig.  3-27.  The  reinforced  structure 
consists  of  two  longerons  supported  by  a  bulkhead 
and  closely  spaced  vertical  frames.  The  forebody 
screw  actuator  and  support  structure  are  designed 
to  resist  the  ground  load  condition;  therefore 
damage  is  confined  to  the  forebody  section.  The 
fuel-containing  areas  are  well  clear  of  the  runway 
and  are  npnroximatcly  130  ft  aft  of  the  nose 
contact  point 

Trade  studies  supporting  the  forebody  design 
and  configuration  can  be  found  in  Hoeing 
Document  D6A1U187-! ,  SST  Engineering  Trade 
Studies  Summary  (Ref,  4). 

3.2.2  Flight  Deck  Structure 

The  forward  section  of  the  pressurized  fuselage 

is  composed  of  the  flight  deck  and  electronics 


compartment  as  shown  in  Fig.  3-28.  Conven¬ 
tional  skin,  stringer,  frame  constru<  tion  is  used. 
Dual  load-path,  fail-safe  construction  of  window 
posts  is  shown  in  Fig.  3-29.  Each  of  the  two 
tension  members  of  the  post  is  capable  of  sustain¬ 
ing  one  and  one  half  times  the  operating  load. 
Insulation  material  of  polyimide-laminated  fiber 
glass  is  used  between  each  section  of  the  side 
post  to  protect  the  critical  interlayer  materials 
used  in  the  laminated  windshields  from  high 
external  temperatures.  All  titanium  outer 
window  retainers  are  lined  with  insulation 
material  of  polyimide-laminated  fiber  glass. 

The  structural  arrangement  of  stringers,  frames, 
and  tear  straps  results  in  containment  of  skin 
cracks  within  the  limits  required  to  prevent 
fuselage  depressurization.  Below  the  crew 
compartment  side  windows,  the  structure  consists 
of  skin,  closely  spaced  frames,  the  window  sill, 
and  the  floor  edge  member.  These  closely  spaced 
frames  provide  high  tear  resistance  against  crack 
growth  induced  by  hoop  tension  stresses  in  the 
skin.  Hoop  stress  in  the  0.  032  skin  at  11. 12-psi 
cabin  pressure  is  15, 500  psi  and  fore  an3  aft 
stress  is  7,700  psi.  Critical  crack  length  for 
the  hoop  stress  of  15,500  psi  is  28  in. ,  approxi¬ 
mately  four  times  the  frame  spacing.  The 
critical  crack  length  for  the  fore  and  aft  stress 
of  7,700  psi  is  112  in.,  approximately  three 
times  the  distance  between  the  window  sill  beam 
and  the  floor.  Crack  growth  testing  on  similar 
panels  has  shown  that  the  rate  of  crack  growth 
at  these  stress  levels  is  extremely  low  and  any 
crack  will  be  detected  long  before  it  becomes 
critical. 

Aft  of  the  side  windows,  the  structure  consists 
of  frame  and  stringer  supported  monocoque, 
similar  to  that  used  throughout  the  fuselage. 

The  fail-safe  capability  of  the  flight  deck  structure 
will  be  demonstrated  by  full-size  testing  during 
Phase  III.  Testing  to  date  has  shown  that  this  type 
of  system  has  high  tear  resistance  and  long 
service  life.  In  addition,  future  testing  of  the 
Phase  II- C  crew  compartment,  now  under  con¬ 
struction,  will  verify  the  tear  resistance  of  this 
specific  design  (see  Part  E,  Structural  Tests 
(V2-B2707-9),  of  the  Airframe  Design  Report). 

In  all  other  areas  of  the  pressurized  compartment, 
the  stringer  and  frame  spacing  restricts  the  blow¬ 
out  area  to  approximately  42  sq  in. 

Access  to  the  area  under  the  flight  deck  floor  is 
provided  by  removable  panels.  Crew  escape 
hatches  are  provided  on  the  airplane  top  center- 
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line  and  aft  of  the  windows  on  the  left-hand  side 
(see  Fig.  3-28).  The  side  hatch  is  hinged  on  the 
aft  side  to  provide  ventilation  or.  the  ground  and 
oral  communication  for  the  crew. 

3.2.  3  Flight  Deck  Windshields 
Vision  from  the  crew  compartment  wi  h  the  fore¬ 
body  extended  is  superior  to  that  provided  by  any 
current  commercial  subsonic  jet  transport. 

Vision,  as  affected  by  light  transmission  and 
reflections,  was  established  as  satisfactory  by 
extensive  windshield  testing  and  by  numerous 
flights  performed  by  pilots  in  the  B-2707 
simulator  at  the  Boeing  Kent  facility  (see  Part 
B,  Hydraulics,  Landing  Gear,  Auxiliary  Systems 
(V2-B2707-11)  of  the  Systems  Report). 

The  windshield  construction  is  shown  in  Fig. 

3-29.  The  windshields  are  plug  type  designed  to 
withstand  three  factors  of  pressure  on  the 
primary  laminated  windshield.  The  three  glass 
panes  provide  three  separate  iai.-safe  paths 
capable  of  1.5  factors  pressure  each.  High- 
strength,  chemically  tempered  glass  similar  to 
Corning  Glass  Co.  0315  is  used.  Testing  to 
demonstrate  that  thermal-shock  margins  are 
adequate  is  included  in  the  window  procurement 
specification.  The  laminated  windows  are 
designed  to  utilize  the  best  possible  interlayer 
material  for  each  application.  This  interlayer 
material  provides  the  best  shock  attenuation 
required  for  bird-proofing  the  windshields.  The 
polyvinyl  butyraldehyde  (P.  V.  B. )  material 
requires  temperature  control  to  maintain  bird¬ 
proofing  capability.  An  interlayer  material, 

Dow  Corning  XR63449,  being  evaluated  for  the 
side  windows,  is  a  cast-in-place  type  for  high- 
temperature  application.  The  interlayer  for  the 
forward  windshield  is  P.  V.  B.  as  used  in  subsonic 
aircraft. 

To  maintain  temperature  control  for  the  P.  V.  B. 
and  reduced  temperature  for  the  crew  compart¬ 
ment  environment,  a  passive  system  of  coatings, 
insulation,  and  air  gaps  is  used.  This  system 
was  evaluated  by  a  thermal  test  during  Phase 
II-C.  The  coatings  are  low  infrared-emittance, 
vacuum -deposited  gold  film.  The  air  gap 
between  the  outer  pane  and  the  laminated  assembly 
is  vented  by  a  closed  system  to  ambient  pressure. 
The  low-pressure  air  reduces  convected  heat 
transmission  to  the  inner  laminated  assembly. 
Insulation  of  the  windshield  laminated  assembly 
from  the  support  structure  is  provided  by 
polyimide-laminated  fiber  glass,  which  is  used  for 
windshield  retaining  and  as  the  interlayer  nsert. 


This  material  will  allow  full  torquing  of  retaining 
fasteners  without  cold  flow  and  resulting  bolt 
loosening. 

The  coatings  are  used  principally  to  reduce  heat 
transmission,  except  for  the  forward  windshield 
where  the  forward  coating  is  also  used  for  de¬ 
icing.  The  electrical  power  required  for  de-icing 
is  applied  to  a  monolithic  pane  rather  than  to  a 
laminated  assembly,  eliminating  delamination 
and  chipping  problems  often  associated  with 
windshield  design.  Two  power  connections  to 
each  bus  bar  improve  service  life  of  the  wind¬ 
shields.  Coating  of  the  laminated  assembly 
provides  temperatures  consistent  with  inter¬ 
layer  bird  proofing  requirements  for  subsonic 
cold-environment  operation  and  for  defogging. 

The  low  power  required  for  defogging  minimizes 
differential  thermal -expans  ion  problems. 

The  windshield  installation  utilizes  dry  seals 
throughout.  The  temperature  sensors  are 
separately  installed,  allowing  replacement 
without  replacing  windshields.  The  laminated 
assembly  is  plug  type  for  increased  safety  and 
is  installed  inside  the  flight  deck.  Windshield 
maintenance  is  a  prime  consideration  in  this 
design,  and  a  time  study  indicates  a  maximum 
of  three  hours  required  for  replacement  of  the 
windshield  laminated  assembly. 

3.2.4  Fuselage  Shell 

The  fuselage  shell  is  of  conventional  aemi- 
monocoque  skin-stringer  construction  stabilized 
by  ring  frames.  A  fuselage  cross  section  at  a 
typical  frame  is  shown  in  Fig.  3-30.  The 
structural  arrangement  is  similar  to  the  707  and 
727  and  provides  improved  fail-safe  construction, 
as  well  as  case  of  fabrication,  inspection,  and 
repair.  The  structure  also  gives  high-strength 
efficiency  for  basic  panel  loading.  Main  frames 
and  bulkheads  are  provided  at  points  of  load  con¬ 
centration.  Close  stringer  spacing  provides  the 
required  aerodynamic  smoothness  under  normal 
flight  loads  and  temperatures 

All  skin  splices  arc  flush  butt  type.  Tension 
fatigue-critical  skin  splices  shown  in  Fig.  3-31 
utilize  flush-head  rivets  installed  with  an 
improved  fatigue-resistant  rivet  installation 
technique  (see  Part  D,  Materials  and  Processes 
(V2-B2707-8),  of  the  Airframe  Design  Report). 
Where  fatigue  requii'ements  dictate  reduced 
stresses,  skin  pad-up  will  be  accomplished  by 
chem-milling.  Completion  of  the  development 
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of  high-temperature  adhesive  bonding  will  provide 
an  alternative  method  of  skin  pad-up.  Tear-  ' 
stopper  straps  are  riveted.  Their  locations  are 
determined  by  the  relationship  of  skin  thickness, 
fuselage  radius,  and  skin  heat-treat  condition. 
Most  skins  are  tapered  in  thickness  to  save 
weight.  Skins  are  reinforced  around  cutouts  and 
edges  by  sculpturing  and  bonded  doublers. 

Stringers  are  formed  hat  or  Z-sections  tapered 
in  thickness  for  weight  optimization.  Z-sections 
are  used  on  the  lower  and  side  panels;  hat  sections 
are  used  in  the  top  of  the  fuselage .  Skin  and 
stringer  splices  at  tension  fatigue-critical  areas 
are  padded-up  by  sculpturing  or  by  a  bonded 
reinforcement  as  shown  in  Fig.  3-31  and  are 
joined  with  rivets  using  the  improved  fatigue- 
resistant  rivet  installation  technique. 

Fuselage  frames  are  spaced  at  21-in.  intervals 
through  the  fuselage.  The  upper  frame  segment 
is  a  formed  sheet  metal  £-  section  that  stabilizes 
the  skin  panels .  The  remaining  part  of  the  frame 
is  built-up  sheet  metal  construction  required  for 
support  of  the  passenger  cabin  floor  and  lower- 
lobe  cargo  or  fuel.  The  frame  splice  joining 
the  upper  and  lower  frame  segments  is  shown  in 
Fig.  3-30.  A  nominal  design  gap  between  the 
frame  and  stringers  is  used  to  achieve  external 
smoothness.  The  stringer-to-frame  attachment 
is  shown  in  Fig.  3-30. 

An  improved  upper-frame  configuration  is  under 
development  for  weight  optimization.  The  frame 
segment  is  a  welded  I-beam  assembly.  The 
frame  chords  are  sheet  metal  strips  welded  to  a 
thin-gage  corrugated  web. 

3.2.5  Aft-Main- Landing  Gear  Wheel  Well 
The  aft-main-landing-gear  wheel  well  is  behind 
the  wing  rear  spar.  It  is  enclosed  by  the 
pressure  deck  at  the  top,  fuselage  beam  at  the 
sides,  and  wheel  well  doors  at  the  bottom  (see 
Fig.  3-30). 

The  full-depth  beam  at  the  sides  of  the  wheel  well 
forms  the  fuselage  shell.  This  beam  provides 
uninterrupted  structure  for  shear  and  bending 
fuselage  loads.  The  bottom  of  the  beam  is  a 
longeron  consisting  of  a  series  of  longitudinal 
chords.  Segmentation  of  the  chords  eliminates 
the  stress  concentrations  in  the  wing  skin  and 
chords  that  would  occur  because  of  spanwise 
load  pickup.  The  chords  also  provide  a  fail¬ 
safe  design  for  bodv  bending. 


Between  the  wing  rear  spar  and  the  stabilizer 
front  spar,  the  keel  member  is  built  into  a 
torque  box  that  supports  the  inboard  flap  and 
the  landing-gear  drag  strut.  This  wheel-well 
beam  is  stabilized  by  five  bulkheads  and  inter¬ 
mediate  frames.  Bulkheads  are  of  conventional 
built-up  construction  as  shown  in  Fig.  3-32. 

Loads  are  carried  by  a  shear  web  beam  that  is 
contoured  to  provide  clearance  for  the  landing 
gear.  The  bulkherds  have  been  designed  with 
multiple  load  paths  to  achieve  fail-safe  design. 
Structure  to  support  the  landing-gear  door- 
center  closure  member  is  provided  at  the  center- 
line  of  the  airplane. 

3.2.6  Fuel  Compartment  Lower  Lobe 

The  arrangement  of  the  lower  lobe  is  established 
by  the  transition  from  the  beam  at  the  side  of  the 
fuselage  to  the  basic  fuselage  contour  as  shown 
in  Figs.  3-33,  3-3-1,  and  3-35. 

This  transition  provides  greater  fuel  volume  than 
a  circular  lower-lobe  section.  It  also  provides 
longitudinal  structural  continuity.  The  com¬ 
partment  is  divided  into  nine  bladder  fuel  cells. 
Positive  assurance  that  the  fuel  will  not  enter 
the  passenger  compartment  is  provided  by  three 
barriers:  fuel  cells,  the  titanium  pressure  web, 
and  the  sealed  titanium  floor  panels. 

The  design  provides  for  access  doors  and  antennas 
on  the  bottom  centerline  of  the  airplane .  The 
arrangement  consists  of  two  longitudinal  beams  to 
carry  fuselage  bending  loads  as  shown  in  Figs . 
3-33,  3-34,  and  3-35.  These  longitudinal  beams 
also  serve  as  fuel  tank  supports.  The  fuel  support 
floor  consists  of  titanium  honeycomb  panels  and 
has  sealed  internal  access  doors  as  shown  in  Fig. 
3-35. 

3.2.7  Fuel  Compartment  Bulkheads 

The  fuselage  fuel  compartment  is  divided  by  ten 
bulkheads  into  63- in.  -long  bays  containing 
separate  but  interconnected  bladder-type  fuel 
cells. 

Figure  3-36  depicts  a  typical  intermediate  fuel 
bulkhead.  The  bulkhead  consists  of  a  sculptured 
web  stiffened  with  formed  Z-sections  and  framed 
with  a  channel  around  the  periphery.  These 
stiffeners  support  the  floor  beams.  Reinforced 
cutouts  are  provided  in  the  bulkhead  webs  for  fuel 
lines.  Individual  shear  ties  connect  each  of  the 
lower  stiffeners  and  a  short  section  of  the  lower 
skin  to  the  frame  channel  of  the  bulkhead.  The 
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lower  lobe  is  reinforced  at  the  strake  frame 
attachment.  A  section  of  the  upper-lobe  frame 
web  overlaps  the  bulkhead  web  and  provides 
shear  ties  in  the  area  covered  by  the  strake. 

3.2.8  Passenger  Cabin  Floors,  Floor  Beams, 
and  Pressure  Webs 

The  passenger  cabin  floor  consists  of  removable 
panels  supported  by  transverse  beams  in  the 
forward  portion  of  the  cabin  and  by  longitudinal 
beams  where  the  lower  lobe  is  unpressurized. 

The  transverse  beams  (shown  in  Fig.  3-37) 
are  a  welded  corrugated  web  construction 
modified  to  a  shear-resistant-web  type  of  I-beam 
in  the  center  portion  to  provide  for  control  cable 
grommets.  The  longitudinal  beams  (shown  in 
Fig.  3-38)  are  spaced  approximately  on  10-in. 
centers.  These  beams  are  also  of  the  welded 
dorrugated  web  construction. 

Floor  panel  construction  is  varied  to  meet  the 
traffic  requirements  of  the  area.  A  typical 
floor  panel  assembly  is  shown  in  Fig.  3-38.  The 
titanium  floor  panels  provide  a  service  life  better 
than  the  panels  used  on  current  commercial 
subsonic  jets. 

Cabin  air  pressure  is  carried  by  a  titanium  web 
attached  to  the  lower  chord  of  the  longitudinal 
beams  located  over  the  fuel  compartment  and 
the  wheel  well.  A  flat  waffle  doubler  is  bonded  on 
the  lower  surface  of  the  pressure  web.  The 
doubler  provides  tear  stoppers  to  limit  the 
maximum  pressure  escape  area.  This  combina¬ 
tion  provides  fatigue  resistance  for  minimum 
weight . 

The  titanium  floor  panels  and  pressure  web 
provide  a  double  fire  barrier  over  the  fuel 
compartment  for  increased  safety. 

3. 2.  9  Passenger  Cabin  Windows 
Two  panes  of  load-carrying  glass  are  used  in  the 
fail-safe  passenger  windows  shown  in  Fig.  3-39. 
The  inner  primary  load-carrying  pane  is  chemi¬ 
cally  tempered  glass  with  a  heat-reflecting  gold 
coating  on  both  surfaces.  The  fail-safe  outer 
pane  is  chill-tempered  soda-lime  glass  with  a 
coating  of  heat-reflecting  gold  on  the  inner 
surface.  The  cavity  between  panes  is  Tented  to 
ambient  through  a  desiccant.  These  structural 
panes  were  successfully  tested  for  ultimate  load, 
fatigue  life,  and  impact  load  (see  Sec.  4.0). 


The  cabin  air  pressure  can  be  maintained  at  a 
safe  level  by  the  environmental  control  system 
with  a  fuselage  oDening  equivalent  to  the  window 
area  (see  Part  A,  Environmental  Control, 

Electric,  Navigation  and  Communication  (V2- 
B2707-13),  of  the  System  Report). 

Cleaning  and  repair  are  easily  accomplished 
from  the  inside  of  the  airplane.  Window  glass 
replacement  is  achieved  by  removal  of  five 
clips  on  each  windowpane. 

3.2.10  Passenger,  Service,  and  Cargo  Doors 
Four  passenger  doors,  four  service  doors,  and 
two  cargo  compartment  doors  are  provided  in 
the  airplane.  The  size  and  location  of  these 
doors  are  shown  in  Fig.  3-25.  All  of  the  doors 
are  improved  derivations  of  the  doors  used  on  the 
707  and  727.  They  combine  the  structural, 
mechanical,  and  seal  features  with  innovations 
for  temperature  and  higher  operating  pressure. 

The  following  features  are  basic  to  all  doors: 

•  The  doors  are  plug  type  and  are  driven  by 
fuselage  pressure  against  fixed  stops . 

These  stops,  as  well  as  the  door  latches, 
are  designed  so  that  a  fitting  failure  does 
not  disturb  door  safety.  Door  hinges  do 
not  carry  any  loads  except  during  actual 
door  opening. 

•  Doors  are  isolated  from  fuselage  loads  and 
deflections  by  framing,  which  is  designed  to 
carry  ultimate  loads  around  the  door.  As  a 
result,  long  service  life,  minimized  heat 
transfer  into  the  passenger  cabin,  and  the 
structural  rigidity  to  ensure  emergency 
door  operation  are  provided. 

•  Positive  indication  of  locked  doors  is  provided 
by  observation  of  the  door  handle  position 

and  door  flushness.  Door  lock  indication  is 
provided  to  the  pilot's  station  by  a  light. 

Design  strength  of  the  lock  and  latch  system 
is  so  arranged  that  first  failure  is  ensured 
at  the  operating  handle. 

•  Doors  are  damped  at  either  end  of  travel  !o 
protect  the  door  and  fuselage  structure  from 
damage. 

•  Auxiliary  locks  in  the  door-open  position 
provide  stability  against  ground  winds. 
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•  Door  seals  are  made  of  fluorocarbon  rubber 
reinforced  with  glass  cloth.  All  seal 
retainers  are  designed  for  quick  replacement. 

•  Hearings  are  oversize  for  low  bearing  pres¬ 
sure  and  are  made  from  high-temperature 
materials  that  do  not  require  lubrication 

•  Maximum  level  of  interchangeability  is 
achieved  by  use  of  numerical  control¬ 
tooling  panelization  techniques  and  by  built- 
in  adjustability  at  primary  fitup  points. 
Adjustable  stops  provide  for  flushness  with 
fuselage  contours.  Linkages  with  length 
adjustments  ensure  proper  mechanical  fit 
and  smooth  operation. 

•  Doors  have  external  handles  flush  with  fuse¬ 
lage  contours.  Literal  handles  are  thermally 
insulated  from  the  door  structure  to  prevent 
injury  during  supersonic,  high-temperature 
flight.  The  external  handle  will  be  cool  upon 
landing. 

•  Manual  operation  forces  of  all  doors  will  be 
within  the  capability  of  cabin  attendants. 

Such  features  as  hinge  lines  selected  to  be 
nearly  vertical,  low  seal-deflection  forces, 
and  handle  lengths  keep  the  operating  forces 
at  approximately  30  pounds. 

•  Where  door  sill  areas  are  subject  to  high 
traffic  wear  and  possible  damage,  replaceable 
scuff  plates  a"e  provided. 

.'5.2.  10.  1  Passenger  and  Service  Doors 
Passenger  and  service  doors  are  hinged  at  the 
front  and  open  with  an  inward-outward  motion 
typical  of  the  707  and  727.  A  typical  passenger 
door  is  shown  in  Fig.  3-40.  These  doors  can  be 
opened  or  closed  from  inside  or  outside  of  the 
airplane  by  operating  handles  mounted  on  either 
side  of  the  door.  Viewing  ports  in  all  doors  per¬ 
mit  observation  by  attendants  before  operating 
the  doors. 

The  following  actions  occur  when  the  door  is 
opened  from  inside  the  airplane: 

a.  A  handle  in  the  door  is  rotated.  This 
action,  through  mechanical  linkages  performs 
the  following: 

(1)  Unlocks  the  door  latches. 


(2)  Folds  the  upper  and  lower  door  edges 
(gates)  inboard  to  make  the  overall  height  of 
the  door  less  thac.  the  height  of  the  door  cutout. 
The  gates  are  important  safety  features  because 
they  provide  generous  clearances  that  allow 

the  doors  to  clear  the  opening  when  framing  is 
distorted  one  inch  because  of  an  accident. 

(3)  Drives  the  door  inboard  to  a  canted 
position  that  breaks  the  seal  and  overpowers  any 
loads  caused  by  passengers  pressed  against 

the  door. 

b.  The  canted  door  is  then  manually  pushed 
edgewise  through  the  door  opening,  being  guided 
by  the  hinge  linkages  to  a  position  parallel  to  the 
side  of  the  fuselage. 

3.2. 10.2  Cargo  Compartment  Doors 
Each  cargo  compartment  door  is  sized  for  the 
easy  entry  of  standard  cargo  containers  and 
loading  systems.  Each  door  has  two  sections  as 
shown  in  Fig.  3-41.  The  sections  open  down¬ 
ward  with  hinges  at  the  outboard  edges  and  a 
mating  joint  on  the  bottom  centerline  of  the  air¬ 
plane.  The  right-hand  door  is  unlatched  and 
opened  before  the  left-hand  door  is  opened.  A 
reverse  procedure  closes  the  doors . 

The  following  actions  occur  in  opening  the  cargo 
doors: 

a.  The  handle  on  the  right-hand  door  is 
rotated  by  pulling  downward.  This  action, 
through  mechanical  linkages,  rotates  cam  latches 
translating  the  door  off  the  stops  and  allowing 

it  to  swing  open.  A  spring-loaded  damper 
counterbalances  the  weight  of  the  door  during  the 
initial  downward  opening.  At  full-down  position, 
an  overcenter  linkage  allows  the  damper  to 
assist  the  cargo  attendant  in  manually  swinging 
the  door  to  full  open. 

b.  The  left-hand  door  is  opened  by  pulling 
a  handle,  which  can  be  reached  after  the  right- 
hand  door  is  opened.  The  remaining  operations 
are  similar  to  those  required  in  opening  the 
right-hand  door. 

Cam  latches  that  accomplish  the  normal  door 
closure  provide  the  restraint  to  hold  the  door  in 
place  against  upward-acting  loads.  The  rollers 
of  the  cam  latches  engage  the  upper  face  of  the 
cam  to  transfer  the  inward-acting  loads  to  fuse¬ 
lage  framing  structure. 
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3.2.11  Landing  Gear  Doors 

The  aft  main  landing  gear  and  the  nose  gear  re¬ 
tract  into  wells  within  the  body  and  are  ei  dosed 
by  landing  gear  doors .  The  nose  gear  do  rs 
consist  of  a  right  and  left  wheel-well  door  and  a 
right  and  left  strut  door.  Each  main  gear  has 
four  doors  serving  the  same  functi'-'s.  All  doors 
are  hinged  along  their  outboard  edg  md  open 
along  the  airplane  bottom  centerline.  The  wheel- 
well  doors  are  operated  hydraulically  and  se¬ 
quenced  to  open  before  gear  exte  '  n  and  to  close 
again  when  the  gear  is  fully  exte;  (.  The  strut 
doors,  slaved  to  the  strut,  open  ’•  n  gear  ex¬ 
tension  and  remain  open  while  ;.h  _  „ar  is  down. 

Wheel-well  and  strut  doors  for  the  ift  main  gear 
door  are  in  two  segments,  hinged  together  to  fold 
so  that  exposure  to  aerodynamic  forces  is  mini¬ 
mized. 

All  doors  are  of  sandwich  construction  with 
honeycomb  core  and  titanium  sheet  faces  similar 
to  those  shown  in  Fig.  3-16.  Door  latches  are 
provided  to  hold  doors  to  contour  when  they  are 
closed  and  subjected  to  airload.  In  the  event  of 
a  failure  of  a  main  hydraulic  system,  opening  of 
the  aft  main  gear  doors  is  provided  by  a  separate 
hydraulic  system  and  separate  actuators.  The 
wheel  doors  can  be  manually  disconnected  and 
opened  for  ground  servicing.  Hinge  and  latch 
pins  have  dry  film  lubrication.  All  doors  when 
closed  are  sealed  by  glass  -cloth-reinforced 
fluorocarbon  rubber  seals  around  edges. 

3.2. 12  Wing-Strake-to- Fuselage  Attachment 
The  wing  strake,  that  portion  of  the  wing  forward 
of  the  front  spar,  is  rigidly  attached  to  the  fuse¬ 
lage.  Strake  shear  loads  are  transferred  directly 
to  the  fuselage  shell  at  each  strake  rib  by  a  con¬ 
tinuous  attachment  between  the  strake  rib  web 
and  the  fuselage  skin.  Strake  bending  loads, 
carried  by  the  strake  surfaces  and  ribs,  are 
transferred  to  the  fuselage  frames.  The  carry- 
through  structure  for  the  strake  upper  surface 

is  the  transverse  floor  beam,  the  fuselage  pres¬ 
sure  web,  and  bulkheads .  The  carry- through 
structure  for  the  strake  lower  surface  is  the 
lower  segment  of  each  fuselage  frame  or  bulk¬ 
head.  The  fuselage  lower  lobe  is  deeper  than 
earlier  configurations.  This  change  produced 
weight  saving  in  fuselage  framing,  because  the 
more  circular  lower  lobe  is  more  efficient  for 
carrying  pressure  loads.  A  second  benefit 
of  a  deeper  lower  lobe  is  more  cargo  and 
fuel  volume. 


Figures  3-37  and  3-36  display  the  two  typical 
areas  of  strake  attachment.  Figure  3-37  shows 
this  attachment  in  the  area  of  the  forward  cargo 
compartment.  Figure  3-36  shows  this  attach¬ 
ment  in  the  fuselage  fuel-tank  area.  Flight  and 
inertial  strake-to-fuselage  loads  are  small  be¬ 
cause  of  the  deep  section  of  the  Integrated  wing- 
tail  design.  In  the  area  (shown  in  Fig.  3-36), 
the  strake  upper  surface  joins  the  fuselage  close 
to,  but  never  above,  the  passenger  floor. 

Structural  components  are  efficient  for  the  fol¬ 
lowing  reasons: 

a.  The  wing  strake  ribs  are  aligned  with  the 
fuselage  frames  to  achieve  a  direct  strake-to- 
fuselage  load  path. 

b.  The  strake-to-fuselage  attaching  members 
provide  structural  strength  to  strake  and  fuselage 
shells  and  also  serve  as  fuselage  skin-panel 
splices. 

c.  The  strake-to-fuselage  attaching  mem¬ 
bers  receive  extensive  machining  to  tailor  their 
contours,  consistent  with  the  high  fatigue-life 
requirements  established  for  this  airplane. 

d.  The  continuous  attachment  of  wing  to 
fuselage  uniformly  distributes  the  thermal 
stresses  resulting  from  the  temperature  difference 
between  the  cool  cabin  interior  and  the  hot  ex¬ 
terior. 

3.2. 13  Wing- Center- Section-to- Fuselage 
Attachment 

The  wing  center-  section-to-fuselage  attachment 
is  a  continuous,  fixed  structural  joint  as  shown  in 
Fig.  3-42. 

The  front  and  rear  spars  of  the  wing  center  sec¬ 
tions,  which  are  continous  through  the  fuselage, 
are  attached  to  fuselage  frames  with  forged 
fittings.  These  fittings  are  located  at  the  side 
of  the  fuselage  and  extend  from  the  lower  surface 
of  the  wing  to  approximately  36  in.  above  the 
cabin  floor  where  they  are  spliced  to  the  fuse¬ 
lage  frames.  The  fuselage  frames  are  designed 
to  absorb  all  angular  and  lateral  deflections  in¬ 
duced  by  wing  flexure  and  introduce  this  deforma¬ 
tion  into  the  fuselage  structure  fore  and  aft  of  the 
wing  center  section  with  very  low  secondary 
stresses.  Front  and  rear  spar  fitting  fail -safety 
is  achieved  by  providing  alternative  load  paths 
forward  and  aft  of  the  spar  systems  via  longitudi¬ 
nal  members,  fuselage  skin  panels,  and  frames. 
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The  fuselage  frames  between  the  sparB  are 
attached  to  the  wing  by  fittings  that  bolt  through 
the  wing  skin  to  fittings  on  the  wing  rib  located 
at  the  side  of  the  fuselage. 

All  primary  members  of  the  wlng-to-fuselage 
attachment  can  be  readily  Inspected  visually. 

The  front  spar  fitting  is  attached  to  the  forward 
side  of  the  spar  web  with  the  lower  portion  being 
visible  from  inside  the  equipment  bay.  The 
rear  spar  fitting  is  attached  to  the  aft  side  of 
the  spar  web  with  the  lower  portion  being  visible 
from  inside  the  wheel  well.  The  intermediate- 
frame-to-wlng  fittings  and  the  upper  portions 
of  the  front  and  rear  spar  fittings  can  be  inspec¬ 
ted  from  the  cabin  interior. 

A  chord  wise  wing  rib  is  located  in  line  with  the 
flat  side  of  the  fuselage  as  shown  in  Fig.  3-42. 
Use  of  this  rib  as  an  integral  part  of  the  fuselage 
in  the  region  of  the  wing  cutout  improves  struc¬ 
tural  efficiency. 

Wing  fore  and  aft  loads  arc  transmitted  to  the 
fuselage  by  means  of  a  shear  redistribution 
member  mounted  on  the  upper  wing  skin  and  by 
the  keel  beam. 

Space  is  provided  between  the  passenger  floor  and 
top  of  the  wing  skin  for  passage  of  systems  with 
no  cutouts  in  wing  structure. 


3.2. 14  Stabilizer-Center-Section-to- Fuselage 
Attachment 

The  stabilizer  and  wing  center  sections  are 
similarly  attached  to  the  fuselage,  except  for 
the  stabilizer  rear  spar  attachment.  The  stabi¬ 
lizer  rear  spar  is  continuous  through  the  fuse¬ 
lage  and  is  attached  by  a  single  pin  at  each  side 
of  fuselage.  The  fuselage  bulkhead  at  the  stabi¬ 
lizer  rear  spar  is  a  lower-lobe  pressure  bulk¬ 
head  and  supports  the  longitudinal  pressure  deck 
beams.  Pressure  is  retained  by  o  web  attached 
to  the  floor  beams  above  the  stabilizer.  The 
unpressurized  area  below  the  pressure  web  is 
used  for  systems  and  equipment. 

3.2.15  Aft  Body  Structure 

The  aft  body  consists  of  a  pressure  bulkhead, 
three  bladder-cell  fuel  bays,  two  integral  fuel 
bays,  and  a  tail  cone.  Each  fuel  bay  is  separated 
by  a  bulkhead. 

3.  2. 15. 1  Fin- Front-Spar  Pressure  Bulkhead 
The  aft  pressure  bulkhead,  as  shown  in  Fig. 


3-43,  is  utilized  as  a  multiple-load-carrying 
structure  to  perform  multiple  functions  at 
minimum  weight.  It  forms  the  aft  end  of  the 
pressure  compartment  and  at  the  same  time 
provides  primary  support  for  the  vertical  and 
ventral  fins  and  supports  the  aft  bladder  fuel 
cells.  Fail-safe  straps  bonded  to  the  bulkhead 
web  provide  reduced  size  panels  end  minimize 
crack  length.  Fuel  pressure  loads  during  crash 
conditions  are  less  than  normal  cabin  pressure 
loads .  This  results  in  bulkhead  strength  in  ex¬ 
cess  of  crash  requirer  .ents.  It  is  sealed  for 
cabin  pressure  and,  as  an  added  safety  feature, 
provides  a  secondary  barrier  for  fuel  and  vapors. 
The  primary  barrier  is  provided  by  the  bladder 
fuel  cells  located  immediately  aft  of  the  bulkhead. 

3.2.15.2  Bladder  Cell  Fuel  Bay 

This  area  consists  of  three  bladder  fuel  bays 
and  supporting  bulkheads.  The  sidewall  con-  i 
struction  is  closely  spaced  body  circumferential 
frames  supporting  the  body  skin.  A  typical 
fuel  bulkhead  is  shown  in  Fig.  3-44.  The  upper 
part  of  the  bulkhead  is  sheet  stiffener  design. 

The  remainder  utilizes  honeycomb  construction 
to  minimize  weight  and  provide  smooth  surfaces 
for  the  bladder  fuel  cell  support,  thus  eliminat¬ 
ing  a  requirement  for  backing  boards.  Vertical 
and  ventral  fin  support  by  the  Oulkhead  results  in 
efficient  dual  use  of  the  structure. 

3.2.15.3  Integral  Fuel  Bay 

This  area  consists  of  three  honeycomb  bulkheads 
as  described  in  the  previous  paragraph.  The 
tank  sidewalls  are  of  curved  metal  face  honey¬ 
comb  construction.  The  tanks  are  of  integral 
design  and  sealed  with  fillet  sealant. 

3.2.15.4  Sonic  Resistance 

The  aft  body  side  walls  are  subjected  to  sound 
pressure  levels  as  shown  in  Part  C,  Design 
Criteria,  Loads,  Aerodynamic  Heating, 

Flutter  (V2-B2707-7)  design  report  of  the  air¬ 
frame.  Sonic  resistance  is  provided  by  honey¬ 
comb  panels  in  the  aft  area  and  skins  supported 
by  closely  spaced  circumferential  frames  in  the 
forward  area.  Testing  of  the  structure  to  with¬ 
stand  the  sonic  environment  is  reported  in  Part 
E,  Structural  Tests  (V2-B2707-9)  of  the  Air¬ 
frame  Design  Report. 

3.  3  HORIZONTAL  STABILIZER 
The  general  arrangement  of  the  horizontal  stabi¬ 
lizer  is  shown  in  Fig.  3-2.  It  is  a  fixed  stabilizer 
permanently  attached  to  the  fuselage.  It  provides 
excellent  carry-through  with  adequate  depth  for 
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efficient  structure  and  integral  fuel-storage  capa¬ 
city. 

Engine  sonic  and  thermal  exposure  of  the  stabi¬ 
lizer  has  been  minimized  by  the  aft  placement 
of  the  engines.  Sonic  level  exposure  is  shown 
in  Part  C,  Design  Criteria,  Loads,  Aerodynamic 
Heating,  Flutter  (V2-B2707-7),  of  the  Airframe 
Design  Report.  Sonic  resistance  is  provided 
by  stiffened  skins  and  honeycomb  panels.  Ade¬ 
quacy  of  the  structure  to  withstand  sonic  environ¬ 
ment  is  demonstrated  by  testing  as  shown  in 
Part  E,  Structural  Tests  (V2-B2707-9),  of  the 
Airframe  Design  Report. 

3.3.1  Structural  Box 

A  three-spar  structural  box  allows  the  use  of 
efficient  skin-stringer  construction  as  load¬ 
carrying  surfaces  as  shown  in  Fig.  3-45.  Fail 
safety  is  provided  by  multiple  panels  on  both 
upper  and  lower  surfaces  and  by  multiple  attach¬ 
ments  to  body  frames  and  bulkheads .  Rib  de¬ 
sign  utilizes  sine  wave  construction  to  provide 
efficient  lightweight  structure.  Where  concen¬ 
trated  loads  are  applied,  ribs  are  constructed 
of  chords  and  stiffened  shear  webs  with  machined 
forgings.  Mechanical  fasteners  are  used  for 
assembly  means .  Access  is  provided  to  all 
areas  for  maintenance  and  for  inspection  and 
repair. 

The  structure  of  the  primary  box  closely  re¬ 
sembles  Boeing  subsonic  wing  structure  in 
type  of  construction  and  general  design  and  in¬ 
tegral  fuel  tank  requirements. 

The  stabilizer  carry-through  structure  within 
the  fuselage  is  a  continuation  of  the  box  structure 
design.  It  contains  integral  fuel  and  is  sealed 
both  internally  and  externally  to  provide  a 
double  seal.  Body  pressure  loads  are  transmitted 
to  the  stabilizer  structure  by  supports  from  the 
cargo  deck. 

3.3.2  Leading  Edge 

Widely  spaced  ribs  in  the  leading-edge  area 
allow  systems  installation.  Honeycomb  panels 
span  these  ribs  to  provide  lightweight  covers 
with  excellent  aerodynamic  smoothness.  The 
extreme  leading  edge  of  the  stabilizer,  which  is 
protected  by  the  wing  during  high-speed  conditions, 
has  chem-milled  sculptured  skins  for  hail  re¬ 
sistance  at  low  speeds.  This  feature  is  similar 
to  that  of  the  wing  leading  edge  of  the  707,  which 
has  extra  thickness  on  the  leading  edge.  Honey¬ 
comb  access  doors  on  the  lower  surface  are  de¬ 


signed  to  give  access  for  maintenance  of  systems 
and  structures  as  shown  in  Fig.  3-46.  The 
depth  of  the  stabilizer  gives  adequate  space  for 
systems  routing  ant.  easier  maintenance. 

3. 3. 3  Interconnect  Structure 

The  interconnect  fittings,  as  shown  in  Fig.  3-47, 
ensure  wing-to-stabilizer  alignment  when  the 
wings  are  swept  aft.  Each  fitting  is  supported 
on  two  ribs  which  form  the  sides  of  a  torsion 
box.  These  ribs  also  support  large  systems 
installations  and  the  leading-edge  cover  panels. 

3.3.4  Elevator  Structure  and  Support 

The  elevator  cross  section  is  shown  in  Fig.  3-45. 
Hinges  and  actuators  are  located  to  provide 
maximum  mechanical  advantages .  The  multiple 
hinges  and  actuator  supports  provide  fail-safe 
design.  Access  panels  in  machine-sculptured 
skins  provide  for  servicing  actuators  and  con¬ 
trols  .  Honeycomb  panels  and  sine  wave  ribs 
are  efficient,  lightweight  components  of  the 
elevator  torsion  box. 

3.3.5  Engine  Support 

Engine  support  is  provided  by  fittings  attached 
to  the  structural  box  as  shown  in  Fig.  3-48  (GE) 
and  3-49  (P&WA).  Space  within  the  diverter  be¬ 
tween  engine  and  stabilizer  is  used  to  obtain 
maximum  depth  support  beams  for  increased 
structural  efficiency. 

For  extreme  landing  or  engine  seizure  conditions, 
the  nacelles  are  designed  to  break  free  from  the 
box  structure  without  damaging  the  fuel  tank. 

3.3.6  Elevon  Structure  Support 

The  tip  elevon  support  structure  as  shown  in 
Fig.  3-50  is  designed  with  double  ribs  at  both 
support  points .  Each  rib  has  multiple  bearings 
in  multiple  lugs  to  provide  fail-safe  design.  The 
actuator  arms  extend  above  the  stabilizer  surface 
to  provide  rigidity  to  the  actuation  system  and 
adequate  moment  capability.  The  actuators  are 
anchored  to  the  structural  box  and  the  system  is 
covered  by  an  aerodynamic  fairing.  Access  to 
the  actuators  is  by  removing  sections  of  the 
fairing.  The  elevon  is  a  multispar  box  with 
nonbuckling  covers  as  primary  structure.  Honey¬ 
comb  panels,  supported  on  ribs,  and  full-depth 
honeycomb  leading  and  trailing  edges  complete 
the  structure. 

3.4  VERTICAL  AND  VENTRAL  FINS 

The  general  arrangement  of  the  fins  is  shown  in 

Fig.  3-51.  The  vertical  fin  is  attached  to  the 
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body  by  (our  sport  and  by  continuous  attachment 
of  fin  skin  and  stringers  to  body  frames  and  skin. 

The  airfoils  utilize  a  modified  double  wedgo, 
resulting  In  tooling  and  fabrication  economies 
while  meeting  aerodynamic  performance  require¬ 
ments.  Hie  low-aspect-ratio  fin,  with  Its  large 
root  chord,  results  In  good  structural  depth  of 
the  section,  especially  at  the  rear  spar  where  the 
added  depth  can  best  be  used  for  structural 
efficiency  and  for  Increased  rudder-actuator 
moment  arm. 

The  vertical  and  ventral  fins  are  exposed  to 
engine  sonic  levels  as  shown  In  Part  C,  Design 
Criteria,  Loads,  Aerodynamic  Heating,  Flutter 
(V2-B2707-7) ,  of  the  Airframe  Design  Report. 
Maximum  use  is  made  of  honeycomb  panels 
because  of  their  excellent  resistance  to  high  sonic 
levels.  The  skin  stringer  panels  used  on  the 
vertical  fin  are  designed  for  strength  and  are  of 
adequate  gage  to  withstand  the  sonic  pressures . 
Extensive  testing  has  been  done  to  confirm  the 
design,  and  test  results  are  discussed  in  Part  E, 
Structural  Tests  (V2-B2707-9),  of  the  Airframe 
Design  Report. 

3.4.1  Structural  Box 

The  fin  structural  box  has  a  riveted  skin-stringer 
design  as  shown  in  Fig.  3-52.  Access  doors  for 
inspection  and  repair  are  installed  in  one  surface 
and  are  utilized  for  closeout  during  the  manu¬ 
facturing  process.  Multiple  skin  panels  are  used 
to  ensure  a  fail-safe  structure,  and  the  multiple 
body  attachments  provide  fail  safety  at  the  in¬ 
tegral  fin-to-body  joint. 

3.4.2  Leading  Edge 

Lightweight  bonded-honeycomb  panels  form  the 
leading-edge  cover.  The  panels  are  attached 
by  mechanical  fasteners  to  sine-wave-welded 
ribs.  Panels  on  one  side  are  removable  for 
inspection.  Hail  and  rain-erosion  resistance 
are  Inherent  in  the  design  because  of  the  sharp 
leading  edge  and  excellent  resistance  of  the 
titanium  honeycomb  panels. 

3.4.3  Rudder 

A  segmented  rudder  design  with  actuators  on  the 
lower  segment  allows  structural  deflection  with 
minimum  effect  on  actuation  loads.  The  upper 
segment  is  driven  by  the  lower  segment  by  means 
of  a  fail-safe  link.  The  rudder  hinges  and  actu¬ 
ators  are  located  to  give  maximum  mechanical 
advantages  (see  Fig.  3-53).  Fail  safety  is  ac¬ 
complished  by  multiple  hinges  and  multiple  arms. 


Honoycomb  panels  form  the  covor  lor  the  rudder 
torque  box,  and  support  la  provldod  by  sine 
wave  riba  except  at  concentrated  load  points. 
Assembly  of  all  structure  is  by  mcchanicu! 
fasteners  with  one  panel  removable  for 
Inspection. 

3.4.4  Ventral  Fin 

The  ventral  fin  design  uses  honeycomb  panols 
supported  on  sine  wave  ribs  (see  Fig.  .3-51). 

The  lower  edge  of  the  ventral  Is  a  replaceable 
nonmetal  rub  strip  attached  to  replaceable  seg¬ 
ments.  This  results  in  minimum  replacement  of 
parts  if  the  ventral  contacts  the  ground  because 
of  over  rotation. 

The  ventral  fin  is  attached  to  the  body  at  multiple 
bulkheads  and  frames  and  is  designed  to  be  re¬ 
placeable.  The  ventral  fin  is  designed  to  fail 
before  damage  to  primary  fuselage  structure. 

One  surface  has  removable  panels  to  allow 
access  for  inspection  and  repair. 

3.5  LANDING  GEAR 

3.5.1  General  Features 
The  gear  arrangement  utilizes  a  conventional 
dual-wheel  nose  gear  (shown  in  Fig.  3-54)  to¬ 
gether  with  the  main  gear  system  (shown  in  Fig. 
3-55)  that  is  similar  in  concept  to  that  used  on 
the  747  airplane.  This  arrangement  has  four 
individual  main  gears  each  mounting  a  four- 
wheel  truck.  The  two  forward  main  gears,  which 
are  attached  to  the  wing-box  front  spar,  retract 
forward  and  are  stowed  in  the  wing  strake.  The 
two  rear  main  gears  retract  aft,  are  stowed 
within  the  body,  and  are  attached  to  the  wing- 
box  rear  spar.  A  manifold  system  on  each  side 
of  the  airplane  equalizes  the  load  between  the 
forward  and  aft  main  gears.  This  system  with 
the  multiple  gear,  staggered  arrangement  pro¬ 
vides  the  following  advantages: 

•  Maximum  operational  safety  because  of  main 
gear  redundancy 

•  Minimum  pavement  loading  under  all  opera¬ 
ting  conditions 

•  Compatibility  with  existing  airport  pavement 

•  Simplicity  of  gear  design  and  compor.ents 

•  Maximum  braking  efficiency  because  of 
uniform 
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•  Minimum  atowod  volume 

•  Trunnion  support  mounted  directly  on  the 
wing-box  structure 

•  8oft  landing  with  adequate  lateral  aiablllty 
.  provided  by  multiple  oleo#* , 

Conventional. air-oll  shock  struts  are  used  on 
the  main  gears.  Inflation  pressures  are  similar 
to  those  uaed  on  present  subsonic  commercial 
airplanes  allowing  use  of  proved  seals.  The 
rear  main-gear  shock  strut  has  a  stroke  of  40 
in.  and  is  designed  to  absorb  landing  energy  for 
all  normal  landing  conditions .  With  the  aft  gear 
retracted,  the  forward  m£ln  gear  can  absorb 
full  airplane  landing  energy  at  a  reduced  rate  of 
descent  of  6  ft/scc.  The  hydraulic  manifold  sys¬ 
tem  Interconnects  the  cylinders  on  the  forward 
and  aft  main  gears  on  each  side  of  the  airplane 
as  shown  in  Fig.  3-56.  A  manifold  piston  above 
the  air  cylinders  of  each  olec  equalizes  the  air 
pressure  and  load  on  the  two  interconnected  gears. 
These  pistons  have  limited  travel  which  is  suf¬ 
ficient  to  compensate  for  pavement  unevenness. 
These  pistons  also  ensure  normal  oleo  function 
if  manifold  failure  should  occur. 

The  manifold  system  affects  the  dynamic  charac¬ 
teristics  of  the  airplane  during  takeoff  and  landing 
in  the  following  manner.  During  the  takeoff  run 
when  partial  lift  has  been  established,  the  air¬ 
plane  can  lx>  rotated  to  increase  lift  without  over¬ 
loading  the  oft  gears.  At  touchdown,  the  aft  main 
gear  with  its  long  stroke  will  absorb  landing  en¬ 
ergy  before  the  forward  main  gear  makes  contact 
with  the  runway.  As  the  landing  cycle  proceeds, 
the  load  between  the  fore  and  aft  main  gears 
equalizes,  helping  to  reduce  nose  gear  loads  as 
the  nose  gear  contacts  the  runway.  After  nose 
gear  contact,  wing  lift  will  be  reduced  by  spoiler 
operation  and  full  braking  can  be  applied. 

All  gears  are  extended  and  retracted  by  hydraulic 
actuators  and  are  retained  in  the  up  and  down 
positions  by  hydraulically  controlled  locks.  A 
separate  hydraulic  system  unlocks  the  gear  and 
door  uplocks  and  powers  the  aft  main  gears  into 
the  down  and  locked  position.  This  alternative 
hydraulic  system  uses  separate  hydraulic  ac¬ 
tuators  that  are  completely  independent  of  those 
used  during  normal  operation.  The  forward  main 
and  nose  gears  free-fall  into  the  down  and  locked 
position  after  release  of  the  gear  and  door  up¬ 
locks.  The  rear  main-gear  trucks  are  steerable 
to  minimize  tire  scrubbing  during  turn  maneuvers. 


Steering  is  provided  by  linear  hydraulic  actuators 
and  operates  in  conjunction  with,  and  is  con¬ 
trolled  by,  the  nose-gear  steering  and  control 
system.  The  steering  angles  of  the  nose  and 
rear  main  gears  allow  a  ground  turn  center 
within  15  ft  of  the  main  strut  on  the  insido  of  the 
turn.  During  towing,  Bteering  power  is  supplied 
to  the  rear  main  gears  from  the  standby  hydrau¬ 
lic  system,  allowing  full  ground-handling  capa¬ 
bility. 

The  multiple  gear  arrangement  provides  a  high 
degree  of  landing  safety.  The  airplane  can  land 
on  any  three  of  the  four  main  gears.  In  an 
emergency  it  can  land  on  either  the  two  forward 
or  two  aft  main  gears  or  on  one  gear  on  each 
side.  When  landing  on  the  two  forward  gears 
the  airplane  would  settle  on  the  tall  skid  during 
the  latter  part  of  the  landing  run. 

If  ultimate  design  loads  on  the  drag  struts  should 
be  exceeded,  fuse  pins  will  allow  the  gears  to 
rotate  about  the  trunnions.  These  pins  are  lo¬ 
cated  at  the  lower  end  of  the  drag  struts  where 
they  are  attached  to  the  shock  struts.  The  for¬ 
ward  main  gears  will  fold  aft  and  are  designed 
to  separate  without  damaging  the  wing  box.  The 
side-brace  fittings  contain  a  breakaway  pad  at 
the  upper  attachment.  The  aft  gears  will  fold 
under  the  body  into  the  gear  stowage  area.  The 
nose  gear  will  also  fold  under  the  body. 

3. 5. 2  Design  Description 

3. 5.2.1  Wheel-Well  Environment 

The  wheel  wells  are  cooled  to  protect  landing 
gear  components  during  supersonic  flight.  The 
cooling  system  (described  in  detail  in  Part  A, 
Environmental  Control,  Electric,  Navigation 
and  Communications  (V2-B2707-10),  of  the 
Systems  Report)  provides  exhaust  cabin  air  at 
approximately  115°F  to  the  Insulated  wheel  well. 
The  system  is  designed  to  maintain  tire  tempera¬ 
tures  below  180°F  and  gear  component  tempera¬ 
tures  below  250°F.  These  temperatures  allow 
usage  of  conventional  materials  for  tires,  the 
hydraulics  system,  and  the  structure. 

3. 5.2.2  Main  Landing  Gear 

The  major  structural  parts  are  designed  of 4340 M- 
vacuum-arc  remelt  steel,  heat  treated  from 
270, 000  to  300, 000  psi.  The  use  of  the  vacuum 
remelt  process  greatly  improves  physical 
properties,  particularly  fracture  toughness. 

This  material  without  the  vacuum  remelt  process 
fia^had  an  excellent  service  record  on  the  Boeing 
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MANIFOLD  CHAMBER  TYPICAL  ON  ALL  MAIN  GEAR  STRUTS 
Figure  3-56 •  Main  Gear  Manifold  System 
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720  commorclal  Jot  airplane.  The  Improved 
properties,  together  with  the  use  of  very  exacting 
material  specifications  for  material  procurement, 
forging  control,  machining  processes,  heat 
treatment,  and  finishes  guarantee  a  high  degree 
of  structural  Integrity.  A  discussion  of  the 
service  history,  design,  and  fabrication  procedures 
Is  included  in  Boeing  Document  Dti-17640  (Ref.  5). 

The  main-gear  shock  Btruts  are  braced  by  the 
side  and  drag  struts  to  provide  rigidity  in  all 
directions.  The  folding  drag  strut  Is  retained  In 
the  down  position  by  the  down-lock  linkage.  The 
down-lock  Is  designed  to  engage  and  lock  without 
hydraulic  assistance  for  all  modes  of  operation. 

The  truck  beam  Is  rotated  about  its  pivot  for 
stowage  by  a  mechanical  linkage.  The  truck  is 
maintained  in  its  correct  attitude  for  landing 
by  a  truck  pitch  damper.  Brake  equalizing  rods 
are  used  to  eliminate  truck  pitching  momentH 
when  the  brakes  are  applied. 

The  aft  main  gears  have  a  truck  position  lock 
that  retains  the  truck  in  the  fore  and  aft  position 
during  takeoff  and  landing  when  rudder  pedal 
steering  is  being  used. 

Special  structural  features  have  been  included 
in  the  design  to  improve  service  life  and  to 
simplify  maintenance. 

•  Trucks  are  similar  in  spacing  and  loading  to 
present  commercial  aircraft;  therefore 
standard  alligator  jacks  can  be  used. 

•  Nose  gear  axles  are  removable. 

•  Main  gear  axles  are  removable  and  inter¬ 
changeable  between  positions. 

•  Truck  beams  utilize  bushed  holes  for  axle 
mounting. 

Axles  are  covered  with  protective  sleeves 
in  the  area  of  the  brake-mounting  bushings 
and  wheel  bearings. 

All  structural  pin  joints  whether  rotating 
or  static  have  flanged  bushings  and  are 
lubricated  to  reduce  wear,  galling,  and 
corrosion,  and  to  facilitate  removal  and 
repair. 

•  Shields  are  provided  under  the  main-gear 
truck  beams  to  protect  them  from  damage. 


•  Tow  lugs  and  Jacking  fittings  are  replaceable. 

•  Surfaces  of  all  components  arc  protected 
from  corrosion  by  material  selection,  plating 
and  paint. 

The  use  of  1G  individual  brakes  results  in  moder¬ 
ate  brake  temperatures  and  increased  brake  life. 
Brakes  are  conventional  heat-sink  disc  type, 
hydraulically  operated  and  housed  within  the 
wheel.  The  wheel  is  of  conventional  two-piece 
design  manufactured  from  aluminum  forgings  and 
is  designed  for  a  roll  life  of  25,000  mi.  Its 
strength  and  life  characteristics  will  be  verified 
by  static  limit  and  ultimate  load  tests  and  by 
roll  tests  at  specific  loads  and  distances.  In 
addition,  a  fatigue  analysis  will  be  made  for  the 
main  wheels  using  a  load  spectrum  representative 
of  actual  ground-maneuvering  conditions.  The 
main  gear  wheels  incorporate  heat  shields  to 
protect  the  wheel  and  tire  from  brake  heat  fol¬ 
lowing  maximum  energy  stops.  The  wheel  is 
also  equipped  with  thermal  plugs  designed  to 
release  tire  inflation  air  in  the  event  of  over¬ 
heating.  A  Titanium  wheel  design  is  being 
investigated  for  possible  improvement  in  weight 
and  service  life.  A  final  choice  will  be  made 
after  review  of  weight,  cost,  and  life  data  pre¬ 
sented  by  wheel  suppliers. 

3. 5. 2. 3  Nose  Gear 

The  nose  gear  as  shown  in  Fig.  3-54  is  similar 
in  concept  to  that  used  on  current  commercial 
subsonic  jets.  Materials  and  construction  are 
similar  to  those  described  for  the  main  gear. 

The  nose  gear  utilizes  a  conventional  air-oil 
shock  strut  with  a  stroke  of  18  in.  The  outer 
cylinder  assembly  includes  pin-jointed  structural 
trusses  that  attach  to  trunnions  r  .i  the  sides  of 
the  wheel  well.  Fore  and  aft  loads  are  carried 
from  the  shock  strut  to  the  airframe  structure 
through  a  folding  drag  strut.  Nose  wheel  steering 
is  accomplished  by  dual,  linear,  hydraulic 
actuators . 

3. 5. 2.4  Design  Verification 

Extensive  photo  stress  techniques  are  used  in 
the  design  of  the  landing  gears.  Following  com¬ 
pletion  of  the  detail  design,  plastic  replicas  of 
the  major  structural  members  are  fabricated. 

The  parts  are  coated  with  a  birefringent  plastic. 
When  the  parts  are  loaded  in  a  representative 
manner  and  viewed  under  polarized  light,  color 
patterns  can  be  seen.  The  colors  can  be  inter¬ 
preted  in  terms  of  stress  level  within  close  limits 
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of  accuracy.  This  will  result  In  gear  components 
with  maximum  structural  efficiency  und  maximum 
life-to-weight  ratio. 

3.5.2.Q  Additional  Data 
Additional  discussion  of  wheels,  tires,  brakes, 
Bteerlng,  manifolding  and  retraction  may  be  found 
in  Part  B,  Hydraulics,  Landing  Gear,  Auxiliary 
Systems  (V2-B2707-11),  of  the  Systems  Report. 
Ground  Maneuvering  and  flotation  characteristics 
can  be  found  in  Operational  Suitability,  V4- 
B2707-1.  Evaluation  of  other  gear  arrangements 
considered  before  selecting  the  present  con¬ 
figuration  is  covered  in  System  Engineering 
Report,  V2-B2707-1. 

3.6  STRUCTURAL  INSPECTION  AND  REPAIR 

3.6.1  Inspection  Methods,  Applications,  and 
Criteria 

Inspection  methods  being  used  on  commercial 
subsonic  jets  will  be  used  on  the  B-2707.  In 
addition,  research  and  analysis  of  new  inspec¬ 
tion  methods  will  be  continued  to  take  advantage 
of  new  technologies  to  improve  airplane  surveil¬ 
lance  and  reduce  maintenance  cost. 

The  nondestructive  inspection  procedures  listed 
below  are  in  use  on  Boeing  subsonic  jets.  A  de¬ 
tailed  description  of  these  methods  and  applica¬ 
tions  is  contained  in  Boeing  document  D6-7170, 
Nondestructive  Test  Inspection  Procedures  for 
the  Boeing  Jet  Transports  (Ref.  6).  A  similar 
document  will  be  prepared  for  the  B-2707. 

The  primary  method  for  inspection  of  structure 
will  continue  to  be  direct  visual  inspection. 

Indirect  visual  inspection  by  use  of  mirrors  and 
horoscopes  will  be  used  in  areas  where  access 
is  limited.  The  B-2707  design  project  has  con¬ 
sidered  maintainability  as  one  of  the  prime  design 
considerations.  Access  doors  and  openings  are 
integrated  into  the  structure. 

The  following  common  inspection  methods  will 
be  used  on  the  B-2707: 

•  X  ray.  Its  principal  application  is  for 
inspection  of  inaccessible  airframe  struc¬ 
ture.  One  such  application  on  the  B-2707 
will  be  the  inspection  of  the  leg  of  the  lower- 
surface  wing  and  stabilizer  stringers  which 
are  covered  by  thermal  insulation. 

•  Liquid  penetrant.  This  meihod  is  used 
extensively  on  all  structural  parts. 


•  Magnetic  particle  Inspection.  This  method 
is  used  for  steel  parts. 

•  Ultrasonic.  This  method  Is  used  for  detecting 
flaws  by  high-frequency  sound  transmission 
through  the  part.  It  can  be  done  either  by 
immersion  testing  or  by  contact  testing. 

•  Eddy  current.  This  method  has  been  used 
successfully  in  detecting  cracks,  originating 
In  fastener  holes,  by  use  of  a  probe  inserted 
In  the  hole. 

A  new  inspection  method  under  investigation  is 
the  use  of  liquid  crystals  for  detecting  bonding 
flaws  in  honeycomb  panels.  The  method  under 
development  utilizes  the  unique  characteristic 
of  these  compounds  to  respond  to  small  changes 
in  thermal  environment  with  a  reaction  producing 
drastic  color  variations.  The  system  is  easily 
applied  by  brush  or  spray.  The  color  transitions 
follow  thermal  changes  rapidly  and  reverse  with 
temperature  and  therefore  are  repeatable 
immediately.  A  bonding  flaw  or  void  area  will 
have  different  thermal  conductivity  than  the 
surrounding  area,  and  this  is  indicated  by  a 
color  change  (see  Figs.  3-57  and  3-58). 

A  promising  new  development  for  inspection  of 
honeycomb  panels  1b  the  sonic  resonator.  One 
of  these  instruments  is  being  evaluated  in  the 
Model  737  program  and  the  results  of  this 
evaluation  will  be  applicable  to  B-2707  honeycomb 
structures.  Preliminary  results  of  this  investi¬ 
gation  are  encouraging  and  appear  to  offer  an 
opportunity  to  detect  flaws  at  any  location  in  the 
honeycomb  by  applying  the  probe  to  one  surface. 
The  equipment  consists  of  a  tunable  signal- 
generator  impedance  bridge,  amplifier,  null 
detector,  and  a  piezolectric  crystal  probe.  A 
photo  of  the  instrument  is  shown  in  Fig.  3-59. 

The  instrument  generates  a  low-frequency  sound 
signal  in  a  given  structure  and  measures  the 
acoustical  impedance  of  the  sound  wave.  This 
instrument  can  determine  the  location  of  a  flaw 
in  three  dimensions.  The  dial  on  the  instrument 
indicates  whether  the  flaw  is  on  the  near  or  far 
surface. 

Inspection  criteria  and  schedules  are  established 
on  subsonic  jets  during  manufacturing  and  in 
service.  Criteria  for  the  B-2707  is  patterned 
after  this  procedure.  During  manufacture,  the 
inspection  requirements  are  controlled  by 
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Figure  3- 59.  Sonic  Resonator 


engine-! ring  releases  such  as  drawings  and 
specifications.  The  Quality  Control  department 
is  charged  with  the  responsibility  of  inspection. 
During  service,  the  scheduled  inspections  required 
to  keep  the  airplane  In  a  continuously  safe-opera¬ 
ting  condition  will  be  established  in  the  FAA- 
alrllne  negotiated  B-2707  maintenance  plan.  The 
plan  will  be  developed  and  presented  in  a  main¬ 
tenance  planning  data  document  that  is  described 
in  the  Product  Support  Program,  V4-B2707-20. 

The  application  of  this  program  to  maintenance 
is  described  in  Operational  Suitability,  V4- 
B2707-1. 

The  selection  of  a  structural  inspection  interval 
for  a  specific  structure  Is  based  on  stress 
analysis,  static  and  fatigue  tests,  environmental 
conditions,  type  of  construction,  and  past  ex¬ 
perience.  Each  inspection  requirement  is  de¬ 
fined  in  detail  and  the  interval  established  for  the 
inspections  is  considerably  sooner  than  the 
occurrence  of  the  earliest  predicted  service 
problem  based  on  the  above  considerations . 

Some  structure  on  all  operator's  fleet  is  in¬ 
spected  after  a  selected  interval  and  other 
structure  on  some  of  the  operator's  fleet  is 
inspected  after  every  other  interval .  The 
sampling  inspection  technique  has  been  used 
successfully  and  is  considered  a  reliable  method 
of  detecting  early  defects. 

Wear  and  rework  tolerances  will  be  established 
on  parts  subject  to  wear.  Engineering  will 
establish  permissible  wear  limits  commensurate 
with  the  parts  function.  This  method  is  success¬ 
fully  used  on  subsonic  jets  today. 

3. 6. 2  Structural  Repair 
Conventional  techniques  are  applicable  for  ac¬ 
complishing  all  structural  repair  on  the  B-2707. 

The  airline  mechanic  will  be  able  to  perform 
repair  tasks  after  updating  his  knowledge  of 
tools,  materials,  and  processes.  This  updating 
will  be  guided  by  maintenance  manuals  and  by 
airline  training  programs  conducted  by  the  manu¬ 
facturer.  Damage  will  be  evaluated  and  applicable 
repair  determined  from  charts  in  structural 
repair  documents. 

Most  bushings  and  bearings  are  replaceable  with¬ 
out  removal  td  major  airplane  eUHipOTlfimB .  They 
can  be  removed  and  installed  with  practices 

Jltnv  U*>|;H  f nr  tho  707  and  727,  The  wiflg  pivot  is 

distinct  and  fully  covered  separately  in  Par.  3.1. 
The  radome  is  the  same  durable  type  as  used  on 
I, a.  1-1  m'.litaii  airplane;  mmkdne*  vvl  g 


that  can  be  restored  with  hand-applied  sealant 
and  roving  are  the  probable  extent  of  repair. 
Although  sealant  composition  differs,  repair 
procedures  for  integral  wing  and  stabilizer-box 
fuel  tank  faults  arc  the  same  as  those  for  707  and 
727  transports  and  KC-135  tankers  (with  the 
additional  requirement  that  the  sealant  be  covered 
by  insulation  along  tank  floors  of  built-up  con¬ 
struction).  Fuel  doors,  passenger  and  cargo 
doors,  dry-bay  accesses,  and  aerodynamic  sur¬ 
faces  have  pressure  seals  that  are  retained  in 
the  same  manner  as  on  current  commercial 
airplanes  to  enable  rapid  correction  of  any  prob¬ 
lems. 

The  prototype  airplane  test  program  and  the 
static  and  fatigue  tests  of  early  production  models 
will  ensure  correct  repair  procedure  details. 

The  manuals  will  lie  continually  updated. 

3.6.2. 1  Honeycomb  Repair 
Honeycomb  panels  are  used  for  airfoil  surfaces, 
doors,  panels,  and  other  structure.  Face  sheets 
and  edge  doublers  are  of  titanium  with  machined 
honeycomb  cores  of  polyimide-reinforced  glass 
fiber.  For  complex  shapes,  internal  face  sheets 
are  sometimes  made  of  polyimide  glass  fiber. 
Polyimidc  adhesives  are  used  for  assembly  and 
are  cured  under  pressure  and  temperature. 
Present  subsonic-airplane  bonding  procedures  are 
altered  by  the  use  of  higher  temperatures  and 
pressures.  Increased  cleanliness  is  required. 
Production  assembly  is  accomplished  under 
closely  controlled  conditions  of  heating  rates 
and  adhesive-volatile  evacuation.  To  fully 
restore  structural  strengths,  permanent  repairs 
must  be  similarly  accomplished.  Alternative 
repairs,  which  are  heavier,  can  be  done  with 
heating  blankets  and  vacuum  pressure  lx)\es. 
Concurrent  with  the  prototype  program,  work 
is  progressing  in  the  development  of  field  repair 
techniques  that  will  enable  faster  structural 
repair.  For  repairs  that  are  small  relative  to 
total  panel  size,  the  Initial  curc>canbe  shortened 
to  one  hour,  this  initial  cure  will  provide  80 
percent  of  total  bond  strength,  and  post  cure  can 
be  obtained  during  flight. 

Several  types  of  honeycomb  damage  repair  are 
shown  in  i  ig.  ,i=i5U.  they  are  typical  of 
application  and  are  similar  to  present  repair 
procedures,  Unique  fontm  ns  ^re  the  pnlvtmlde 
adhesives  and  the  core  end  face  materials. 
Required  bonding  pressures  will  be  limited  to 
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3. 6. 2. 2  Repair  of  Riveted  and  Bolted  Titanium 
Construction 

The  conventional  skin- stiffener  structures 
assembled  by  rivets  and  bolts  are  repaired  by 
techniques  used  on  subsonic  airplanes .  Titanium- 
alloy  replacement  materials  to  match  the  damaged 
area  and  fasteners  of  titanium  and  A-286  steel 
will  be  used.  Figure  3-61  shows  typical  repairs. 
Hole-drilling  and  rivet-driving  techniques  for 
the  titanium  materials  have  been  developed. 

These  methods  will  be  refined  during  production 
as  described  in  the  Manufacturing  Program 
V5-B2707-9,  Maintenance  manual  data  will  be 
based  on  these  developments. 


3 . 6 . 2 . 3  Corrugated-  Beam  Repair 
The  empennage,  wing,  and  fuselage  utilize  beams 
built  up  with  a  corrugated  web  welded  to  chord 
caps .  The  repair  of  a  corrugated  web  requires 
the  use  of  corrugated  splice  plates,  riveted  over 
the  damaged  web  as  shown  in  Fig.  3-62.  Doublers 
required  for  patching  damaged  beam  chords  will 
match  the  shear  web  corrugations.  Standard 
patches  and  doublers  will  be  provided  and  be  of 
sufficient  size  to  allow  fasteners  outside  the 
damaged  area. 
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4.0  STRESS  ANALYSIS 


This  section  presents  a  preliminary  analysis  of 
the  B-2707  major  structural  components  to  de¬ 
pict  stress  levels,  methods  of  analysis,  member 
sizes,  and  allowable  stresses.  Fail-safe  dis¬ 
cussion  and  analysis,  fatigue  analysis,  1-g 
stress  levels,  and  any  unique  structural  require¬ 
ments  resulting  from  sonic  or  high-temperature 
effects  are  also  included.  Design  criteria  are 
presented  in  Part  C,  Design  Critera,  Loads, 
Aerodynamic  Heating,  Flutter  (V2-B2707-7); 
basic  material  properties  in  Part  D,  Materials 
and  Processes  (V2-B2707-8);  and  substantiating 
test  data  in  Part  E,  Structural  Tests 
(V2-B2707-9),  all  of  the  Airframe  Design  Re¬ 
port.  Fatigue  analysis  including  1-g  stress 
levels  are  presented  in  Sec.  5. 0.  Additional 
detail  analysis  data  will  be  available  at  the  on¬ 
site  inspection  to  further  substantiate  the  design. 

4. 1  METHODS  OF  ANALYSIS 
Analysis  techniques  are  similar  for  all  of  the 
major  sections.  Digital  computers  are  used 
extensively  to  determine  optimum  structure 
arrangements,  allowables,  stresses,  and  mar¬ 
gins  of  safety.  Stresses  are  determined  pri¬ 
marily  by  principal -axis  beam  theory  with  ma¬ 
trix  force  or  redundant  methods  of  analysis 
used  to  determine  load  and  stress  distributions 
in  the  more  complex  structures. 

Several  digital  programs  have  been  written  for 
use  in  analysis  of  complex  structural  systems. 
These  programs  include  the  following: 

COSMOS  (Comprehensive  Option  Stiffness 
Method  Organization  System),  a  general  purpose 
program  for  analysis  of  structures  subjected  to 
heating  and  loads  using  the  direct  stiffness 
method. 

SAMECS  (Structural  Analysis  Method  for  Evalu¬ 
ation  of  Complex  Structures),  a  fully  automated 
program  for  analysis  of  exceptionally  large  com¬ 
plex  structures  made  up  of  plates  and  beams 
subjected  to  heating  and  loads  and  based  on  the 
direct  stiffness  method. 

ASTRA  (Advanced  Structural  Analyzer),  a  new 
generation  COSMOS  with  capability  to  analyze 


any  size  structure  by  automatically  merging 
sub-structures,  and  having  an  improved  library 
of  structural  elements  and  an  improved  method 
for  handling  boundary  conditions. 

FUSARG  (Fuselage  Analysis  by  the  Argyris 
Force  Method),  a  fully  automated  program  de¬ 
signed  for  the  analysis  of  a  general  class  of 
fuselage  structures  that  can  be  idealized  to  be 
composed  of  beam,  rod,  and  shear  panel  ele¬ 
ments  subjected  to  heating  and  mechanical  loads. 
Both  the  data  generation  and  equation  solution 
portion,  ARGHOR  m,  have  been  designed  to 
handle  very  large  problems.  This  is  a  force 
method  program. 

WINGEM  (Wing  Generator  Matrixes)  an  auto¬ 
mated  program  for  the  analysis  of  a  class  of 
wing  structures  that  can  be  idealized  as  an 
assembly  of  rods  and  shear  panels  subjected  to 
mechanical  loading.  This  is  a  force  method 
program.  The  data  generation  and  its  solution 
program  ARQHOR  H  OR  HI  are  designed  to 
handle  the  solution  of  very  complex  problems. 

WING  STRESS  AND  SAFETY  MARGINS,  a  pro¬ 
gram  based  on  the  theory  of  bending  for  the  an¬ 
alysis  of  a  limited  class  of  wing  structures. 

BODY  STRESS  AND  SAFETY  MARGINS,  a  pro¬ 
gram  based  on  the  theory  of  bending  for  the  an¬ 
alysis  of  a  limited  class  of  fuselage  structures. 

TL-01,  a  matrix  interpretive  scheme  for  the 
manipulation  and  arithmetic  of  large  partitioned 
matrixes.  The  matrixes  may  be  essentially  of 
unlimited  size. 


Standard  symbols  of  MIL-HDBK-5  (Ref.  7)  are 
used  to  identify  most  quantities,  and  nonstandard 
symbols  are  identified  where  used.  Detail  des¬ 
criptions  of  the  typical  analysis  methods  are  in¬ 
cluded  in  the  wing  analysis  section. 

4.  2  WING  STRESS  ANALYSIS 
A  stress  analysis  is  presented  in  this  document 
to  verify  the  adequacy  of  the  wing  primary  struc¬ 
ture.  The  analysis  of  major  components  such  as 


pivot  structure,  outboard-  and  inboard-wing-por¬ 
tion  beading  material,  strake,  and  wing  box  inside 
of  die  fuselage  Include  design  conditions,  load 
and  stress  distributions,  critical  margins  of 
safety,  fail-safe  features,  and  methods  of  analy¬ 
sis.  Analysis  of  selected  major  components  are 
given  in  the  following  sections. 


4.  2. 1  Structural  Description 
The  wing  structural  arrangement  is  presented  in 
Par.  The  primary  structure  inboard  and 

outbosMof  the  pivot  is  hilly  cantilevered  and 
constructed  of  semimonocoque  beams  of  titanium 
6A1-4V.  The  upper  and  lower  panels  are  stiff¬ 
ened  with  Z  extrusions.  Spars  webs  are  stiff¬ 
ened  with  formed  or  extruded  sections.  Inspar 
ribs  are  made  of  sine-wave  corrugated  webs 
with  flat-plate  chord  members.  Normal  rib 
spacing  is  27  In.  in  the  primary  box,  but  other 
spacinj  is  used  where  required  by  concentrated 
loads. 

The  leading-  and  tralling-edge  si-ucture  is  can¬ 
tilevered  off  the  outboard  primary  box.  The 
leading-  and  tralling-edge  strake  structure  of 
the  inboard  wing  portion  is  jointly  supported  by 
the  wing  and  fuselage. 

The  wing  and  horizontal  tad  are  designed  for 
alignment  at  n  =  1.0  and  nominal  flight  condition. 
Interconnect  members  that  engage  with  the  hori¬ 
zontal  tall  when  the  wing  is  in  the  full -aft  position 
are  cantilevered  off  the  rear  spars  of  the  out¬ 
board  wing  portion.  These  members  also  serve 
as  flap  supports.  The  wing  and  horizontal -tail 
connection  maintains  alignment  of  the  two  sur¬ 
faces  for  load  conditions  other  than  n=  1. 0. 

4.  2.  2  Design  Loads 

Shear  moment  and  torsion  curves  for  wing  design 
conditions  are  given  in  Figs.  4-1  through  4-5. 

The  Inboard  portion  of  the  movable  wing  is  criti¬ 
cal  for  the  high-gross-weight,  subsonic  maneuver 
with  A  le  30  deg.-  The  outboard  portion  of  the 
movable  wing  is  critical  for  the  start  of  cruise 
maneuver  with  A  le  7  2  deg. 

The  high-gross-weight,  flaps -up,  subsonic  man¬ 
euver  with  A  le  deg.  is  the  critical  design 
condition  for  the  pivot.  The  wing  center  section 
is  critical  for  the  high-gross-weight,  flaps -down 
subsonic  maneuver  with  A  le  30  deg.  The  wing 
inside  of  the  fuselage  is  critical  for  several  sub¬ 
sonic  maneuver  conditions  at  high  gross  weight. 

A  low-gross-weight  gust  condition  at  time  of 


minimum  fuel  is  the  critical  positive-bending 
condition  for  the  strake.  A  full -fuel  taxi  condi¬ 
tion  gives  the  maximum  negative-bending  loading. 

A  comparison  of  the  relative  wing-panel  material 
required  for  some  of  the  design  conditions  is 
given  in  Fig.  4-6.  This  figure  defines  the  criti¬ 
cal  condition  along  the  wing  span  outboard  of  the 
pivot  and  is  a  means  of  showing  the  relative  criti¬ 
cality  of  various  flight  conditions  where  the  vari¬ 
ables  include  external  loading,  thermal  gradients, 
and  elevated  temperature  effects  on  material 
properties. 

4.  2. 3  Design  Allowables 

Mostly  the  airplane  is  constructed  of  6A1-4V  ma¬ 
terial  with  mechanical  fasteners  n ft  the  primary 
method  6F  "ai'ffacBmenL  The  basic  material  prop¬ 
erties  and  fastener  allowables  are  taken  from 
(Ref.  8).  The  properties  of  honeycomb  panels 
and  other  materials  used  for  special  applications 
are  shown  with  their  analyses. 

The  basic  material  properties  are  used  in  calcu¬ 
lating  the  allowable  stress  for  each  structural 
element.  The  calculations  account  for  such  vari¬ 
ables  as  area  distribution  between  skin  and  string¬ 
ers,  temperature,  stress  concentrations,  column 
length,  and  other  stability  characteristics.  Ana¬ 
lytical  methods  of  strength  computation  are  also 
presented.  Specific  allowables  for  detailed  struc¬ 
ture  are  shown  in  the  analysis  of  each  major 
structural  component. 

Allowable  tension  and  compression  stresses  for 
wing-bending  material  versus  panel  loading  are 
shown  in  Fig.  4-7  for  the  selected  skin-stringer 
panel  construction.  These  allowables  were  de¬ 
termined  using  TEST  DATA  (see  Part  E,  Struc¬ 
tural  Tests  (V2-B2707-9),  of  the  Airframe  Design 
Report)  and  the  analysis  methods  and  criteria 
given  in  the  following  paragraphs.  The  compres¬ 
sion  allowables  of  Fig.  4-7  are  based  on  27 -in. 
rib  spacing  and  stringers  with  varying  depths  and 
spacing. 

4. 2. 3. 1  Thermal  Stresses 
Elevated  temperature  allowables  on  structure 
subjected  to  aerodynamic  heating  are  determined 
using  basic  allowables  and  the  temperature  pro¬ 
files  given  in  Part  C,  Design  Criteria,  Loads, 
Aerodynamic  Heating,  Flutter  (V2-B2707-7),  of 
the  Airframe  Design  Report. 

Thermal  stresses  (fth)  for  structural  members 
subjected  to  thermal  gradient  environments  are 
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calculated  using  a  relation  of  equal  strain  for 
each  element  of  the  section.  The  developed 
equation  conservatively  assumes  that  structural 
members  have  end-rotational  restraint,  that  all 
strains  are  elastic,  and  that  plane  cross  sections 
remain  plane  after  the  application  of  thermal 
gradients.  Using  E  and  a  consistent  with  the 
temperature  of  each  element  of  the  section, 
thermal  stresses  are  calculated  from  the  equation: 

f.=E  f-oT  +.2E  aTA~l 
1  L  EEA  J 

where  the  fg,  =  calculated  thermal  stress,  psi 

Ot  =  coefficient  of  thermal  expansion, 
in.  /in.  /*  F 

T  =  change  in  temperature  from  70*  F 
in  *F 

A  =  section  element  area,  in.2 


In  combination  with  ultimate  mechanical  stresses, 
thermal  stresses  are  increased  by  a  factor  of 
1. 25  to  account  for  temperature  excursions  above 
design  conditions  and  the  uncertainties  of  strain 
predictions  caused  by  temperature  on  complex 
structure. 

4.  2. 3. 2  Tension  Allowables 
The  net  area  tension  allowable  is  98  percent  of 
the  material  ultimate  tension  strength /With  10  per¬ 
cent  holeout.  This  reduction  is  slightly  conserva¬ 
tive  because  company  tests  on  center-notched  and 
bolted-joint  specimens  at  room  and  elevated  tem¬ 
perature  have  shown  that  titanium  does  not  exhibit 
reduction  in  net  material  allowable  at  holes,  as 
found  for  some  aluminum  alloys.  These  tests 
have  indicated  ihaCTOti-percent  net  area  efficiency 
is  obtained  for  15  percent  and  greater  holeout, 
with  a  slight  reduction  in  efficiency  for  lesser 
percentage  holeout.  Reduced  allowables  or  higher 
design  factors  are  used  when  required  by  fatigue 
analysis  results  or  by  good  design  practices.  An 
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allowance  of  10  percent  is  made  for  holeout  in 
sizing  the  wing  lower-surface  tension  material. 

Actual  net  area  when  greater  than  10  percent 
holeout  is  used  in  individual  component  analysis. 
The  design  ultimate  stress  relation  is 


f.  +  1. 25  f.,  =  F.  allowable 
t  tn  t 

The  yield  strength  of  titanium  6A1-4V  is  high 
relative  to  its  ultimate  strength.  Therefore, 
any  structure  designed  to  meet  ultimate  load  re¬ 
quirements  will  not  exceed  yield  strength  at  limit 
load. 

4. 2. 3. 3  Compression  Allowables 

Ultimate  compression  allowable  stress  is  based 

on  either  column-allowable  or  the  section-crip¬ 


pling  stress.  Column  allowables  were  deter¬ 
mined  from  the  Johnson-Euler  equation. 


The  use  of  this  equation  has  been  substantiated 
by  the  test  program  described  in  Part  E,  Struc¬ 
tural  Tests  (V2-B2707-9),  of  the  Airframe  De¬ 
sign  Report.  Columns  are  usually  assumed  to 
be  pin-ended  with  a  conservative  fixity  coeffi¬ 
cient  of  one.  In  determining  the  section  slender¬ 
ness  ratio,  the  amount  of  effective  skin  working 
with  the  section  was  calculated  using  the  conven¬ 
tional  effective  width  equation. 

The  allowable  crippling  strength  of  formed. sec¬ 
tions  is  determined  using  the  analysis  method  of 
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(Ref.  9).  This  method  involves  a  summation  of 
the  crippling  strengths  of  angle  elements  where 
the  crippling  strength  of  each  element  is  found 
from:  - - 

„  nW  E' 

F  _  C  i  cy _ 

CCn  ’  (.b/T)0.75 

Y 

where  ccn  =  element  crippling  strength,  psi 

E’  =  reduced  modulus,  psi 

b'  =  element  length,  in. 

C  =  end  restraint  coefficient  of  ele¬ 
ment. 


The  allowable  crippling  stress  for  extruded  or 
machined  t  ^  ons  is  calculated  using  the  analy 
sis  methoc  rtof.  10, 


where  B  and  m  are  experimentally  derived  con¬ 
stants  and  g  is  a  factor  to  reduce  the  section  to  a 
series  of  flanged  elements.  From  the  compres¬ 
sion  lest  program  (V2-B2707-9),  values  of 
B  =  0.64  and  m  =  0.  85  resulted  in  excellent 
agreement  between  calculated  and  experimental 
crippling  strengths.  The  crippling  allowable  of 
each  element  is  determined  from  the  above 
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equation,  and  the  allowable  for  the  total  section 
In  determined  as  follows: 


The  required  area  for  column  critical  sections 
1b  determined  from  the  relation 


The  ax  I  a  1  compression  (fc)  and  thermal  compres- 
si\o  stress  (fth)  are  not  permitted  to  exceed  the 
crippling  allowable  of  any  segment 

[fc  •  1-“  ',h  S  foc] 


1 .  2.  H .  -4  Shear  Allowables 

All  shear  allowables  for  this  analysis  are  deter¬ 
mined  from  the  ultimate  shear  strength  of  the 
material  reduced  by  appropriate  configuration 
factors  based  upon  experimental  values  from 
similar  structure.  The  ultimate,  net-area, 
allowable  shear  stress  for  flat  shear-resistant 
panels  is  0.60  Ftu;  f°r  intermediate  flat  shear 
webs,  it  is  o.  -49  Fji',  Required'web  stiffening 
"  ill  be  approximately  .”>o  percent  with  some  vari¬ 
ation  from  this  value  dependent  on  local  require¬ 
ments.  Web-to-stiffener  riveting  will  be  suffi¬ 
cient  to  prevent  web-stiffener  attachment  failure. 
The  shear-web  test  program  (V2-B2707-9)  has 
verified  the  use  of  the  design  parameters  for 
intermediate  shear  webs. 

i.  .*>  Combined  Stress  Allowables 
Principal  stress  theorv  is  used  to  determine 
maximum  stresses  for  combined  shear  and  ten¬ 
sion  loading  on  shear-resistant  panels.  Maxi¬ 
mum  net  stresses  are  not  allowed  to  exceed 
material  ultimate  stresses  previously  discussed. 

Combined  shear  and  compression  ultimate  allow¬ 
ables  for  Hat  shear-resistant  panels  are  con¬ 
servatively  combined  by  the  following  interaction 
formula: 


o 


With  the  addition  of  thermal  stresses,  the 
equation  becomes: 


2 


4. 2.3.6  Buckling  Criteria 
To  minimize  aerodynamic  drag,  most  skin 
surfaces  are  designed  to  remain  unbuckled  for 
normal  one-factor  cruise  flight  conditions. 
Buckling  is  permitted  in  some  areas  where  ther¬ 
mal  stresses  peak  for  short  periods  of  time  and 
in  areas  where  aerodynamic  drag  considerations 
are  not  significant  and  fatigue  considerations 
permit.  In  integral  fuel-tank  areas,  the  design 
is  such  as  to  prevent  buckling  at  limit  load, 
which  could  cause  fuel  loakage. 


4. 2. 3. 7  Fastener  Allowables 
Titanium  6A1-4V  bolts,  lockbolts,  Taper  Loks, 
and  squeeze-driven  rivets  are  used  extensively. 
Fastener  allowables  are  shown  in  Ref.  8. 


4.  2. 4  Primary  Wing  Box 

4.  2. 4. 1  Method  of  Analysis 
Elementary  bending  theory  for  unsymmetrical 
beams  is  used  to  determine  internal  load  distri¬ 
bution  in  the  wing  box.  Shear  flows  are  deter¬ 
mined  by  VQ/I  and  T/2A.  Wing  cross  sections 
are  taken  normal  to  the  load  reference  axis. 
Stresses  and  margins  of  safety  are  determined 
using  a  digital  computer  program.  The  stress 
analysis  computer  program  uses  analysis  theor¬ 
ies  confirmed  by  use  on  previous  airplanes. 

This  program  was  modified  as  necessary  for  the 
B-2707. 

4.  2. 4. 2  Outboard  Variable  Sweep  Portion  of  the 
Wing 

Upper  and  lower  surfaces  are  of  conventional 
skin  and  Z-stlffener  construction.  The  upper 
surface  is  titanium  6A1-4V  Condition  HI  material. 
The  lower  surface  is  Condition  IV  material  be¬ 
cause  of  its  better  fracture-toughness  properties. 
Condition  V  material  may  be  used  where  initial 
material  gage  is  less  than  0. 187.  Results  of  the 
wing  fail-safe  test  program  (V2-B2707-9)  were 
used  In  selection  of  panel  widths,  skin-stringer 
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area  ratios,  and  stringer  spacing  to  provide  fail-  SKIN  THICK, 
safe  structure  according  to  design  criteria  re¬ 
quirements  of  Part  C,  Design  Criteria,  Loads, 

Aerodynamic  Heating,  Flutter  (V2-B2707-7),  of 

the  Airframe  Design  Report.  SEG.  AREA 


Printouts  of  computer  data  for  sections  that  are 
located  315  and  715  in.  outboard  of  the  pivot 
measured  along  the  load  reference  axis  are  pre¬ 
sented  in  Tables  4-A,  4-B,  and  4-C  for  the  criti¬ 
cal  load  conditions.  Typical  nomenclature  is 
shown  after  the  following  paragraph.  The  given 
analysis  and  resulting  margins  of  safety  illus¬ 
trate  the  methods  employed  and  do  not  represent 
the  final  optimization  of  the  section. 


AREA  LOWER 

AREA  UPPER 
*AREA  E-LOWER 


The  results  show  that  the  subsonic  maneuver  for 

the  inboard  wing  portion  and  the  start  of  cruise-  *AREA  E-UPPER 
maneuver  condition  is  critical  for  the  outboard 
wing  portion.  With  the  wing  in  the  aft  position, 
local  areas  of  the  lower-surface  trailing-edge 
structure  in  the  immediate  vicinity  of  the  engine 
may  be  subjected  to  inlet  buzz  pressure.  This  ^ 

pressure  diminishes  with  distance  from  the  in¬ 
let  and  obtains  a  maximum  value  of  1. 1  q  immed¬ 
iately  forward  of  the  inlet.  Local  areas  are 
reinforced  for  this  condition. 


ETA  STA 

Section  perpendicular  to 
assumed  load  reference 
axis,  at  which  stresses  are 
calculated,  measured  in 
percent  semispan  along  the 
axis 

Tz 

LOAD  COND. 

Load  condition  number 

VZ 

Beam  shear  load 

!xz 

Mx 

Beam  bendinj.  i  loment 

BAR  ZE 

T 

Torsion  about  load  reference 
axis 

vx 

Chord  shear  load 

BAR  XE 

Mz 

Chord  bending  moment 

SEG.  NO. 

Segment  number — assumes 
same  number  as  stringer 
contained  by  segment.  Zero 
refers  to  rear  spar  segment 
and  99  refers  to  front  spar 
segment;  the  number  100  has 
been  added  to  all  upper  sur¬ 
face  numbers. 

!xe 

Minimum  skin  thickness  in 
segment  effective  in  resist¬ 
ing  shear  stresses. 

Segment  area 

Total  lower  surface  cross- 
sectional  area 

Total  upper  surface  cross- 
sectional  area 

Sum  of  lower -surface  - 
segment,  cross-sectional 
areas  multiplied  by  respec¬ 
tive  effectiveness  factors 

Sum  of  upper -surface - 
segment,  cross-sectional 
areas  multiplied  by  respec¬ 
tive  effectiveness  factors . 

Moment  of  inertia  about  a 
line  parallel  to  the  wing 
reference  plane  through  the 
section  centroid  and  con¬ 
tained  in  the  plane  of  cross 
secfion 

Moment  of  inertia  about  a 
line  perpendicular  to  the 
wing  reference  plane  through 
the  section  centroid  and  con¬ 
tained  by  the  plane  of  cross 
section 

Product  of  inertia 


Distance  from  wing  reference 
plane  to  centroid  of  the  effec¬ 
tive  segment 

Distance  from  rear  spar  cen¬ 
terline  to  centroid  of  the 
effective  segment 


Moment  of  inertia  of  effec¬ 
tive  section  about  a  line 
parallel  to  the  wing  refer¬ 
ence  plane  through  the  cen¬ 
troid  of  the  effective  segment 
and  contained  in  the  plane  of 
cross  section 
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!ze 

Moment  of  inertia  of  effec¬ 
tive  section  about  a  line 
perpendicular  to  the  wing 
reference  plane  through  the 
centroid  of  effective  section 
and  contained  in  the  plane  of 
cross  section 

*XE  ZE 

Product  of  inertia  of  effec¬ 
tive  section 

TRUE  J 

Polar  moment  of  inertia 
of  the  wing  box 

2A 

Twice  the  enclosed  area  of 
the  section 

pz 

Beam  shear  adjustment 
because  of  slope  of  segment 
with  wing  reference  plane 

PX 

Chord  shear  adjustment 
because  of  slope  of  stiffener 
with  assumed-load  reference 
axis 

T.C. 

VZ 

Torsion  correction-adjust¬ 
ment  for  Pz  torsion 

T.C. 

VX 

Torsion  correction-adjust¬ 
ment  for  Px  torsion 

T.  E. 

EQUIB. 

Torsion  necessary  to  bal¬ 
ance  section 

STIFF  AREA 

Area  of  any  stringers,  spar 
chords,  and  spar  webs  that 
are  included  in  a  particular 
segment 

DIST. 

N.  A. 

Distance  from  the  neutral 
axis  to  point  of  intersection 
of  stringer  centerline  and 
wing  contour 

SEC». 

LOAD 

Segment  load 

SEG. 

STRESS 

Segment  stress 

SKIN  STRESS 

Skin  stress 

TEN. 

ALLOW 

Ter  3 ion  allowable 

SHEAR  FLOW 

Shear  flow  between  segment 
(for  example  the  shear  flow 
shown  at  4  occurs  between 
segments  4  and  5) ;  positive 
shear  flow  is  clockwise. 

SHEAR  STRESS 

Shear  stress  (Each  segment 
has  a  shear  flow  on  both 
sides.  The  shear  stress  for 
a  particular  segment  is  equal 
to  the  maximum  of  its  two 
shear  flows  divided  by  the 
skin  thickness  for  that  seg¬ 
ment.) 

SHEAR  ALLOW 

Shear  allowable 

M.S.  TEN. 

Margin  of  safety  for  tension 

M.S.  SHEAR 

Margin  of  safety  shear 

M.S.  COMP. 

Margin  of  safety  for  com¬ 
pression 

S.W.  EFF. 

Theoretical  most  efficient 
spar -web  thickness 

*An  effectiveness  factor  is  used  to  account  for 
reduced  efficiency  resulting  from  shear  lag  ef¬ 
fects,  which  are  caused  by  the  geometry  of  the 
surface.  Appropriate  efficiency  factors  are  ob¬ 
tained  from  analysis  and  comparison  of  data  from 
tests  of  similar  structures. 

4. 2.4.3  Wing  Center  Section  Inside  of  Fuselage 
The  structural  description  of  the  center  section 
is  given  in  Par.  3.  2.  Conventional  wing  con¬ 
struction  is  used  except  that  the  ribs  are  placed 
parallel  to  the  spars.  The  upper  surface  is 
stabilized  by  the  fuselage  floor  beams  and  inter¬ 
costal  ribs  are  provided  to  stabilize  the  lower 
surface.  The  locations  for  attachment  of  the 
main  gears  to  the  front  and  rear  spars  are 
shown  in  Fig.  4-8. 

A  redundant  matrix  force  analysis  is  used  to 
determine  the  surface-panel  load  distribution 
from  wing  bending.  The  wing  torsion  carried 
by  differential  bending  at  the  pivot  has  been 
redistributed  into  the  wing  box  at  the  side  of 
the  fuselage.  The  axial  couple  load  at  the  pivot 
caused  by  wing-bending  moment  produces  an 
eccentric  loading  condition  on  both  the  upper 
and  lower  surfaces.  This  eccentric  loading 
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Tablo  4-A.  Outboard-Wing-Portion  Analysis,  Subsonic  Uantuvor 

HCCE  L  2 7C7  WING  SECTION  PROPERTIES  -  STRESSES  -  KARGINS  GF  SAFETY 


500  IN.  ALONG  LOAD  REFERENCE  AXIS 

ETA  LCAf  V  M  T 

V 

p 

AREA 

ARF  A 

AREA 

AREA 

ft/I ?/ftfc 

S.W.  TRUF-J 

STA.  CONC. 

l  X 

X 

l 

LOWER 

UPPER 

SLOWER 

EUPPER 

EM- 

C.500  12 

302000.  8100000C.  9QCOOOO. 

0. 

0. 

34.130 

TA.4B5 

34.130 

Tft.485 

O.isn  ?08T?. 

i 

1 

i 

BAR 

BAR 

I 

1 

I 

2  A 

P 

P 

T.C* 

T.C.  T.C. 

X 

2 

X2 

ZE 

XE 

XE 

ZE 

XF  Z F 

l 

X 

VZ 

VX  F0II1R 

14126. 

100272. 

-E677.8 

-<>.99 

-53.95 

14126.  100272.  - 

8677.8 

6614  - 

9304 2. 

46H6. 

546077. 

668027.25981157. 

LOWER 

SURFACE 

SEC. 

skin 

SEG. 

STIFF 

DIST 

SEG. 

SEG. 

SKIN 

TENS. 

SHEAR 

SHEAR 

SHE  A 

“.S.  P.S. 

NO. 

thick 

AREA 

AREA 

N.  A  . 

LOAO 

STRESS 

STRESS 

ALLOW 

FLOW 

STRESS 

ALLOW 

TENS.  SHEAR 

0 

0.230 

2.080 

1.400 

-17.936 

214978. 

103355. 

107927. 118000. 

-1649. 

9562. 

77000. 

0.08 

0.41 

1 

0.2  30 

2.250 

C.900 

-  17.442 

231128. 

102724. 

104934.  118000. 

-1056. 

7169. 

77000. 

0.  12 

0.  AS 

2 

0.210 

2.696 

1.4C0 

-16.950 

267660. 

99502. 

102015. 1 18000. 

-370. 

50  30. 

77000. 

0.15 

0.  SO 

3 

0.210 

2.250 

C.900 

-16.459 

217732. 

96770. 

99041.  lldOOO. 

189. 

1760. 

77000. 

0.19 

0.5S 

4 

C.210 

2.37C 

0.900 

-15.967 

222283. 

93790. 

96061. 118000. 

761  . 

1623. 

77000. 

0.23 

O.ftO 

5 

0.210 

2.250 

C.900 

-15.573 

205656. 

91403. 

93674.118000. 

1290. 

6143. 

77000. 

0.25 

0. 6  T 

6 

0.  160 

2.250 

1.200 

-15.179 

199740. 

88773. 

91438.  1 18000. 

1805.  11279. 

77000. 

0.27 

0.64 

7 

0.  160 

2.590 

1.000 

-14.787 

223788. 

86405. 

89069.118000. 

2382.  14887. 

77000. 

0.29 

0.64 

9 

0.160 

2.590 

1.000 

-14.C01 

211456. 

81643. 

84308.118000. 

2 929.  18305. 

7700G. 

0.  34 

0.6ft 

10 

0.  110 

1.650 

C.900 

-13.607 

130772. 

79256. 

82072.118000. 

3268.  29706. 

77000. 

0.29 

o.s? 

11 

0.110 

1.  12C 

0.470 

-13.416 

87674. 

78280. 

80915. 118000. 

3495.  31774. 

77000. 

0.28 

0.  SO 

12 

0.110 

1.  12C 

C.470 

-13.024 

85015. 

75906. 

78541.118000. 

3716.  33787. 

77000. 

0.30 

0.49 

13 

0.110 

1.  12C 

C.470 

-12.833 

83719. 

74749. 

77383.118000. 

3934.  35763. 

77000. 

0.29 

n.4fc 

14 

0.090 

1.360 

0.750 

-12.624—  99523. 

73178- 

76176.118000. 

4193.  46592. 

77000. 

0.20 

O.?0 

15 

T77tJ9ff 

■ff.ireo" 

0.370 

-12.350 

64586. 

71762. 

74518.118000. 

4362.  ‘.8466. 

77000. 

0.20 

0.26 

16 

0.090 

0.900 

0.370 

-11.95t-  62450. 

69388. 

72144.  1 18000. 

4525.  50281. 

77000. 

0.20 

0 . 2  4 

17 

0.09C 

0.9C0 

0.370 

-11.767 

61408. 

68231 . 

70986.118000. 

4686.  52068. 

77000. 

0.20 

0.2? 

18 

0.090 

C.9C0 

C.  370 

-11.675 

606  3 A • 

67371. 

70429.118000. 

4845.  53836. 

77000. 

0. 19 

D.?0 

19 

C.090 

0.9CC 

0.370 

-11.383 

59265. 

65850. 

68666.118000. 

5001.  55568. 

77000. 

0.18 

0.1ft 

20 

0.090 

0.770 

0.  370 

-11.191 

49809. 

64687. 

67504.  118000. 

5132.  57076. 

77000. 

0.18 

0.16 

99 

C.090 

1.17C 

0.900 

-11.158 

73538.  62653.  67304.118000. 

UPPER  SURFACE 

5326.  59181. 

77000. 

0.  16 

0.  1  T 

199 

C.  120 

1.28C 

C.800 

4.342 

-27686. 

-21629. 

-25929.  90000. 

5259.  44386. 

87000. 

0.55 

O.ftft 

123 

0. 120 

1.U4C 

G.400 

5.414 

-30255. 

-29091. 

-32472.  70000. 

5184.  43825. 

87000. 

0.  31 

0.  Aft 

122 

0.12C 

1.38U 

C.  600 

6.555 

-50182. 

-36364. 

-39331.  70000. 

5058. 

43200. 

87COO. 

0.22 

0.  AT 

121 

0.  140 

1.150 

U.400 

7.663 

-49123. 

-42716. 

-45986.  75000. 

4934.  36110. 

87000. 

0.27 

1  .OT 

120 

0. 1 4  C 

l.OSC 

C.400 

8.585 

-52643. 

-48296. 

-51567.  75000. 

4801.  35244. 

87COO. 

0.19 

0.9Q 

1 19 

C.  140 

1.15C 

0.460 

9.406 

-61262. 

-53271  . 

-56542.  80000. 

4645.  34291. 

87000. 

0.  If 

0.9ft 

118 

0.  14C 

1.  1 5  C 

0.460 

10.225 

-66989. 

-58251 . 

-61522.  80000. 

4474.  33177. 

87000. 

0.12 

0.9? 

117 

C.  14C 

1.210 

C.460 

1C. 951 

-  75777. 

-62626. 

-65896.  88000. 

4280.  11955. 

87000. 

0.15 

0.9  0 

1  16 

0.  14G 

1.63C 

G.80C 

11.659 

-109859. 

-67398. 

-701«4.  92000. 

3998.  30571. 

87000. 

0.14 

0.  A 7 

1 15 

0.  160 

1.465 

C.600 

12.368 

-104495. 

-71328. 

-74416.  92000. 

1730.  24988. 

87000. 

0.  15 

0.94 

114 

0.160 

1.365 

C.600 

12.889 

-103163. 

-74486. 

-77574.  92000. 

3464.  21310. 

8  7000 . 

0.12 

0.  °? 

113 

0.  16C 

1 .  385 

0.60U 

13.412 

-107544. 

-77649. 

-80737.  92000. 

3187.  21651. 

87000. 

0. 10 

0.90 

llz 

0.  1 6  C 

1.  3es 

C.600 

13.933 

-111917. 

-80807. 

-83895.  92000. 

2898.  19920. 

87000. 

0.07 

0.  P7 

111 

0.  160 

1.465 

C.600 

14.255 

-121234. 

-82  754. 

-85842.  94000. 

2585.  18H5. 

87000. 

0.08 

0.  AT 

1IC 

C.  160 

1.950 

1.0G5 

14.663 

-167143. 

-85714. 

-88318.  94000. 

2153.  16158. 

87000. 

A 

C 

O 

O.PS 

109 

0.200 

1.  780 

0.  700 

14.572 

-155254. 

-87221. 

-90068.100000. 

1751.  10766. 

87000. 

0.12 

P.ftA 

1C8 

0.200 

1.68C 

0.  7C0 

15. 194 

-148785. 

-88563. 

-9I4C9. 100000. 

1  366. 

fl7Sft. 

87000. 

0. 1  I 

0.  P  7 

1C  7 

C.200 

1.680 

0.7CC 

15.314- 

-150030. 

-89303. 

-92150. 1000UP. 

976. 

6A2B. 

87COO. 

0.  II 

0.47 

106 

0.200 

1.680 

0.7C0 

15.438 

-151266. 

-90039. 

-92885.100000. 

584. 

4ftft?. 

8  7  COO . 

0.11 

0,  Pft 

105 

C.2C0 

1.78U 

0.700 

15.659 

-162657. 

-91 380. 

-94227. 100000. 

161. 

?9  19. 

87000. 

0.09 

0*  A4 

104 

0.200 

2.360 

1.200 

15.868 

-219786. 

-931 30. 

-95492.100000. 

-411  . 

2054. 

87000. 

0.07 

0.  A? 

1C3 

C.22C 

1.920 

0.  780 

15.559 

-179176. 

-93321. 

-95985. 105000. 

-877. 

T9  A  A , 

87000. 

0.12 

0.  At 

102 

0.220 

1.81C 

0.780 

15.865 

-167879. 

-92751. 

-95415. 105000. 

1115. 

5977. 

87000. 

0.11 

0.  PI 

101 

0.220 

1  •  92  L 

C.  780 

15.871 

-178150. 

-92786. 

-95451.105000. 

-1780. 

8090. 

87000. 

0.12 

0,  AO 

100 

t> 

0.220  1.760  1.100  15.864  -16C5‘9. 

CRITICAL  MARGIN  OF  SAFETY  FOR  THIS  SECTION 

-91227. 

-95405.120000. 

-2199. 

990ft. 

87000. 

0.  7" 

C.  7° 

V2-B2707-6-2 


is— 
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RCOEl  2 TO 7 

WlKG  SECT  ICS  PROPERTIES  - 

STRESSES  -  MARGINS  OF  SAFETY 

500  IN. 

ALONG  LOAD  REFERENCE  AXIS 

8/12/66 

IT* 

LC*C  V  " 

?  V  M 

«*E* 

ARE* 

ARE* 

ART* 

S.W.  TRUE-I 

ST*. 

CCNC.  I  a 

X  1 

LOWE* 

UPPER 

ELOWE* 

EUR PER 

EEF 

0.500 

9  J2000C.  TIOOCOOO.  - 

ICCOOOOO.  0.  0. 

jL.no 

38.685 

36.130 

38. LAS 

0.150  2083? . 

1 

1 

1 

BA* 

BAR 

1 

1  I 

2  A 

P 

P 

T.C. 

T.C.  T.C. 

X 

/ 

»/ 

2E 

RE 

Xc 

IE  «F  IE 

f 

X 

VI 

VX  FOUIB 

1*12*. 

100272. 

•8*77.* 

-2.99 

-53.95 

1*126.  10C2T2.  -8677.8 

661  *  - 

BlbbS. 

4107. 

678660. 

585556.29637769. 

LOWER 

SURFACE 

SEC. 

SKIS 

SEC. 

STIFF 

CIST 

SEC. 

SEC.  SKIS 

TENS. 

Shear 

SHEAR 

SI-EAR 

N.S.  M.S. 

NO. 

THICK 

ARE* 

AREA 

N.A. 

LOAD 

STRESS  STRESS 

ALLOW 

FLOW 

STRESS 

ALLOW 

TENS.  SHEAR 

0 

0.23C 

2.080 

1.600 

-17.936 

188637. 

90595. 

96603.H8000. 

-5006.  26503. 

77000. 

0.17 

0.65 

1 
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Tabl .  4-C.  Outboard-Hing-Portion  Analysis  -  Start  of  Cruisa  Manauvar 
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produces  an  interaction  between  the  two  surfaces 
and  a  nonuniform  load  distribution  across  the 
center  section,  which  results  in  additional 
shear  in  the  inboard-wing-portion  spars  and 
ribs.  The  critical  spar  shears  include  this 
effect.  A  plot  of  the  upper-surface  end-load 
ilistribution  at  the  side  of  the  hiselage  is  shown 
in  Fig.  4-9. 

In  addition  to  axial  compression  loads  from  wing 
bending,  the  upper  surface  must  resist  fuselage 
pressure  loads.  The  skin -stringer  segments 
beam  the  pressure  loads  to  the  fuselage  floor 
beams,  which  transfer  the  load  to  the  spanwise 
ribs  and  spars.  The  pressure  load  is  then 
reacted  at  the  side  of  the  fuselage.  Fuel  loading 
on  the  lower  surface  is  transferred  in  a  similar 
manner. 

The  critical  load  condition  for  the  surfaces  is  a 
high-gross-weight,  f.aps-down  maneuver  condi¬ 


tion  with  A  le  30  deg.  without  fuselage  pres¬ 
sure.  The  Inspar  ribs  are  critical  for  the  2.5- 
factor  cabin  pressurization  loading.  Landing 
conditions  give  maximum  rear  spar  shears. 
Front  spar  shears  are  critical  for  unevmmetri- 
cal  flight  loadings.  A  stress  analysis  for  the 
upper  surface  and  stress  analysis  for  a  typical 
rib  is  shown  in  Figs.  4-10  and  4-11,  respec¬ 
tively. 

4.  2.4.4  Wing  Pivot  Analysis 
The  wing  pivot  analysis  and  structural  arrange¬ 
ment  of  the  pivot  is  shown  in  Fig.  4-12.  A 
description  is  given  in  Par.  3.  2. 

The  primary  wing  loads  are  transferred  across 
the  pivot  by  upper-  and  lower-surface  radial  and 
thrust  bearings.  These  bearing  loads  are  dis¬ 
tributed  to  a  conventional  torque  box  on  each 
side  of  the  pivot. 
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redundant  element  solution.  The  bending  and 
torsional  moments  are  transferred  as  couple 
loads  on  the  radial  bearings  in  the  upper-  and 
lower-pivot  lugs.  The  torsional  couple  loads 
that  produce  differential  bending  in  the  lugs  are 
assumed  to  be  reacted  by  an  My /I  distribution  In 
the  surfaces  at  the  first  rib  adjacent  to  the  pivot 
centerline.  This  load  is  sheared  out  in  the  spars 
and  surfaces  at  the  rib  66  in.  outboard  of  the 
pivot  centerline  and  Inboard  at  the  side  of  the 
fuselage.  The  skins  were  designed  to  carry  100 
percent  of  the  torsion  in  differential  bending  in 
the  redistribution  area.  The  torsional  effectivity 
of  the  curved  spar  in  the  inboard  wing  portion 
was  neglected.  The  bending  couple  loads  produce 
local  effects  in  the  lugs  and  wing  surfaces  in  the 
redistribution  area.  A  redundant  analysis  was 
used  to  determine  the  load  intensity  in  these 
areas. 

Shears  in  the  torque  boxes  were  determined  from 
an  idealized  tapered  box  acted  upon  by  beam 
shear,  torsion,  and  differential  bending. 


SEE  PAR.  4  6.  FOR  LANDING  GEAR  LOADS  ON  THE  WING 

Figur •  4-8.  Landing  Gear  Attachment  Locations  on  tha  Wing 


The  concept  of  the  B-2707  pivot  is  identical  to 
that  of  the  wing  pivot  being  built  for  the  pivot 
development  test  program  (V2-B2707-9). 
Redundant  analyses  were  made  on  component 
sections  of  the  test  pivot.  Data  from  these 
analyses  and  strain  gage  data  from  the  36-in.  - 
diameter  bearing  test  (V2-B2707-9)  were  used 
in  the  determination  of  load  distribution  within 
the  structure.  The  pivot  structure  was  analyzed 
with  these  distribution  aids.  A  description  of 
the  component  redundant  analysis  and  a  more 
comprehensive  redundant  analysis  of  the  test 
pivot  are  included  in  the  following  paragraphs. 
The  comprehensive  analysis  was  made  after 
sizing  of  the  test  box  was  completed:  the  analysis 
validates  the  analysis  methods  used  in  the 
design. 


The  beam  shear  load  is  reacted  by  a  thrust  bear¬ 
ing  at  the  upper  surface  between  the  outboard- 
wing-portion  closure  rib  and  the  upper  plug. 

This  plug  transfers  the  beam  shear  to  the  inboard 
curved  spar.  This  curved  spar  carries  40  per¬ 
cent  of  the  torsion  load  as  determined  from  a 
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Ultimate  fail-safe  design  loads  are  80  percent 
of  limit  load  conditions,  increased  by  a  factor  of 
1. 15  for  dynamic  effects,  unless  a  lower  value 
is  substantiated  by  rational  dynamic  analysis. 
Fail-safe  design  features  include  multiple  panel 
tension  skins  to  prevent  chordwise  crack  propa¬ 
gation  and  dual  load-path  lugs.  A  lug  failure 
causes  a  change  in  the  tension  load  path  and 
induces  shear  in  the  adjacent  spars  and  ribs. 

The  lower  lugs,  the  wing  spars  between  the  first 
and  second  ribs  inboard  of  the  pivot,  and  local 
areas  of  these  ribs  adjacent  to  the  spars  are 
critical  for  fail-safe  conditions. 

The  wing  surfaces  and  lugs  are  designed  for  a 
subsonic  maneuver  condition  with  A  le  =  42  deg. 
The  spars  are  critical  for  flaps -down  maneuver 
condition  with  A  le  =  30  deg.  The  maximum 
load  intensity  at  the  outboard  and  inboard  lug  to 
skin  splices  is  shown  in  Fig.  4-13. 

a.  Redundant  Analysis,  Wing-Pivot  Test  Box 
Redundant  analysis  was  performed  on  the  wing- 
pivot  box  being  built  for  the  pivci  development 
test  program  (V2-B2707-9).  The  concept  of  the 
B-2707  airplane  pivot  is  identical  to  the  test 
pivot,  and  this  analysis  is  adaptable  to  the 
B-2707  structural  configuration. 

The  analyses  were  performed  on  an  IBM  7094 
using  the  COSMOS  program  (Ref.  11).  COSMOS 
is  based  on  the  direct  stiffness  method  of 
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structural  analysis.  The  structure  is  idealized 
into  an  equivalent  representation  of  finite  elements 
with  each  finite  element  having  the  stiffness  of 
the  structure  being  represented.  The  stiffness 
matrix  for  the  entire  structure  is  obtained  by 
direct  merging  of  the  Individual  element  stiffness 
to  satisfy  force  equilibrium  and  deformation 
compatibility  at  the  nodes.  The  loading  on  the 
structure  is  represented  by  equivalent  generalized 
forces  applied  at  the  nodes.  The  program 
obtains  stresses,  deflections,  and  flexibility 
data. 

The  COSMOS  program  was  used  in  the  analysis 
of  selected  components  of  the  pivot  test  box.  The 
results  of  these  analyses  are  used  in  the  design 
of  the  airplane  pivot  structure.  The  selected 
components  analysed  are  as  follows: 

•  Lower  inboard  lug 

The  lower  inboard  lugs  (idealized  as  one 
planar  lug)  were  analyzed  with  the  plug 
distributing  the  inplane  bearing  loads  to  the 
lugs.  The  aft-acting  shear  was  reacted  at 
the  first  rib  location.  Tension  loads  from 


the  outboard  lug  were  reacted  at  the  lug-to- 
inboard  wing-splice.  The  lug  was  idealized 
as  uniform  plane  stress  plate  elements 
superimposed  on  a  215-mode  grid.  The 
circular  plug  was  idealized  as  a  circular 
frame  subdivided  into  10-deg.  elements. 

This  idealization  permitted  nonuniform  bear¬ 
ing  loads  to  be  realistically  represented. 

The  plug-to-lug  bearing  loads  were  transmit 
ted  through  very  short  axial  elements.  This 
provided  a  true  radial  loading.  The  axial 
members  had  negligible  deformation  so  the 
plug  and  lug  were  constrained  to  deform 
similarly  on  the  bearing  surfaces. 

•  Inboard  Box 

The  above  lug  was  used  with  a  symmetrical 
spar  element  to  obtain  a  box  analysis.  The 
inboard-wing-portion  curved  spar  and  the 
first  rib  are  represented  as  spar  elements. 
The  spar  element  constrains  die  upper 
surface  behavior  to  be  antisymmetric  with 
respect  to  the  lower  surface.  The  spar 
web  deforms  in  shear  and  has  compatible 
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THE  MAX/MUM  PRINCIPAL  COMPRES¬ 
SIVE  STRESS  iS  GIVEN  BY'. 
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CONSERVATIVELY  LOADED  BY  A  UNIFORM 
SHEAR  FROM  T'-'E  RIB  WEB. 
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deflections  with  the  box  surfaces.  The 
applied  loads  are  reacted  at  the  lug  to 
inboard-wing-portion  splices. 

•  Inboard  Upper  and  Lower  Surfaces 

The  inboard-wing-portion  upper  and  lower 
surfaces  were  separately  analyzed  to  deter¬ 
mine  end-load  distribution  at  several 
sections.  An  outboard  acting  load  was 
applied  at  the  centerline  of  the  pivot  and 
reacted  at  the  side  of  the  fuselage.  The  sur¬ 
faces  were  idealized  as  planar  orthotropic 
elements  (the  stiffener  area  was  represented 
as  an  incremental  thickness  increase)  on  a 
344-node  grid. 

•  Inboard-Wing-Portion  Curved  Spar 

The  inboard-wing-portion  curved  spar  was 
analyzed  as  a  beam  (curved  in  planform) 
fixed  against  rotation  at  its  juncture  with 
the  inboard  front  and  rear  spars.  The  effect 
of  the  surfaces  on  the  spar  were  simulated 
by  flanges  with  proper  areas  and  moment  of 
inertia  in  bending  about  a  vertical  axis.  The 
web  was  idealized  as  uniform  plane-stress 
plate  elements.  Three  of  these  occur  at  a 
vertical  section  to  more  adequately  repre¬ 
sent  the  web  bending-stress  distribution. 

Web  stiffeners  and  cutout  framing  members 
were  idealized  to  carry  axial  load  and 
bending  moment  normal  to  the  plane  of  the 
web.  These  members  accounted  for  unsym- 
metrical  web  stiffeners  where  applicable. 
Wing  vertical  shear  loads  were  applied  as 
point  loads  in  one  analysis  and  were  distrib¬ 
uted  over  a  60-deg.  arc  in  another  analysis. 
Torsional  shear  was  applied  at  the  juncture 
with  the  front  spar  and  reacted  at  the  rear 
spar  juncture. 

A  comprehensive  analysis  was  performed  on  an 
idealized  representation  of  the  structure  from 
three  ribs  outboard  to  a  point  160  in.  inboard 
of  the  pivot  centerline.  The  test,  specimen 
extends  100  in.  inboard  of  the  pivot  centerline 
with  the  test  jig  structure  extending  further. 
Design  ultimate  loads  were  applied  as  an  My/I, 
VQ/I,  and  T/2A  distribution  on  the  outboard  end 
of  the  structure.  These  loads  were  reacted  by 
completely  fixing  the  structure  160  in.  inboard 
of  the  pivot  centerline.  Figure  4-14  illustrates 
the  wing-pivot  idealization  with  some  of  the  815- 
node  grids  and  1,054  elements.  The  lugs  and 
wing  surfaces  are  idealized  as  plate  elements 
for  inplane  stiffnesses  with  superimposed  beam 


grillage  representing  out-of-plane  stiffnesses. 

Ribs  are  idealized  as  plates  with  the  equivalent 
area  per  inch  for  vertically  oriented  stresses 
and  the  basic  web  gage  for  shear  and  horizontally 
oriented  stresses.  This  principle  is  also  used 
on  the  stiffened  surfaces.  Spars  are  idealized  as 
pure  shear  webs  with  flange-area  Increments 
representing  the  bending  inertia  equivalent  to  the 
web.  The  plug  idealization  principle  is  the  same 
as  used  for  the  component  analyses.  The  load 
transfer  elements  for  the  inplane  bearing  and 
vertical  shear  are  axial  load  elements  with  stiff¬ 
nesses  compatible  with  the  load  transfer  path. 

b.  Comparison  of  Results  Obtained  by 
Conventional  and  Redundant  Analysis 
Methods 

Data  from  the  comprehensive  analysis  for  the 
transonic  maneuver  condition  is  compared  with 
that  obtained  from  conventional  and  component 
redundant  analysis.  Figure  4-15  shows  relative 
load  intensity  at  the  inboard,  lower-surface, 
lug-to-skin  splice  at  a  location  38  in.  inboard  of 
centerline  of  pivot  and  also  at  95  in.  inboard  of 
the  centerline  of  the  pivot.  At  the  centerline  of 
the  lug-to-skin  splice,  the  comprehensive  analysis 
shows  less  load  intensity  at  the  front  and  rear 
spars.  These  differences  occur  because  the 
comprehensive  analysis  also  accounts  for  the 
torsional  rigidity  of  the  inboard-wing  box  in 
redistributing  couple  loads  at  the  centerline  of 
the  pivot.  The  comprehensive  analysis  accounts 
for  the  interaction  between  the  surfaces  and 
spars;  the  analysis  also  indicates  a  more  uniform 
end  load  on  the  surface  95  in.  inboard  of  the 
centerline  of  the  pivot  than  that  obtained  from  a 
single-plate  redundant  analysis  or  a  conventional 
method  approach. 

Relative  inboard-wing  spar  shears  are  shown  in 
Fig.  4-16.  The  comprehensive  analysis  shows 
the  highest  spars  shears  at  the  outboard  end  of 
the  box.  In  the  conventional  method  solution,  the 
differential  bending  in  the  surfaces  was  assumed 
to  shear  out  uniformly  from  the  first  rib  to  the 
fifth  rib.  The  spar  shears  from  the  comprehen¬ 
sive  solution  indicate  that  the  rate  of  change  of 
load  is  not  uniform,  resulting  in  higher  spar 
shears. 

The  curved-spar  shear  flows  for  the  component 
analysis  and  comprehensive  analysis  are  shown 
in  Fig.  4-17.  For  design  purposes,  40  percent 
of  the  T/2A  torsional  shear  was  applied  to  the 
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Figure  4-14.  Wing  Pivot  Idealization 
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curved  spar.  Hie  lower  shears  from  the  com¬ 
prehensive  analysis  Indicate  that  the  curved  spar 
is  less  than  40-percent  effective  in  carrying  T/2A 
torque,  with  the  balance  being  carried  in  differen¬ 
tial  bending  of  the  lugs. 

The  surface  end  load  and  spar  shears  obtained  by 
the  various  methods  of  analysis  show  reasonable 
agreement.  Analysis  of  other  conditions  at 
different  wing-sweep  positions  are  being  made. 
The  various  overlapping  assumptions  made  during 
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E>  CONVENTIONAL  METHOD 

E>  COMPONENT  REDUNDANT  ANALYSIS 

E>  COMPREHENSIVE  REDUNDANT  ANALYSIS 
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SECTION  95  IN.  INBOARD  OF  PIVOT  £ 

Figure  4-15.  Rolatlv o  Load  Intensity,  Inboard-Wing-Portion 
Lower  Surloeo 


DISTANCE  INBOARD  OF  1ST  RIB,  IN. 


D>  REF  FIGURE  4-14  FOR  RIB  LOCATIONS 
CONVENTIONAL  METHODS 
COMPREHENSIVE  ANALYSIS 


Figaro  4-16  Rolativo  Spar  Shoars  Inboard  Wing 


the  original  analysis  of  the  pivot  test  box  resulted 
in  structure  capable  of  sustaining  the  larger  loads 
indicated  by  the  comprehensive  analysis.  The 
comprehensive  analysis  will  be  used  to  obtain 
load  distribution,  deflections,  and  flexibility 
data  for  design  of  the  pivot  region. 

4.2.4. 5  Wing  Spars 

Front  and  rear  spars  are  irtermediate-type, 
stiffened,  shear  webs  except  in  the  pivot  area 
where  the  spars  are  shear  resistant.  Titanium 
6A1-4V,  Condition  V  material  is  used  for  gages 
0.187  and  below,  and  Condition  IV  material  used 
for  gages  0.188  and  greater.  Web  stiffeners  are 
Condition  IV . 
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Outboard-wing-portion  spar  shear  flows  for 
various  design  conditions  are  shown  in  Fig.  4-18. 
Analysis  of  a  typical  section  of  the  rear  spar  web 
is  shown  in  Fig.  4-19. 

Critical  spar  shears  from  the  centerline  of  the 
airplane  to  a  distance  106  in.  outboard  of  the 
centerline  of  the  pivot  are  shown  in  Fig.  4-20. 

In  the  areas  adjacent  to  the  pivot,  spars  have 
large  changes  in  shear  flow  resulting  from  the 
redistribution  of  wing  torsion  loads. 

4.2.4.  6  Wing  Ribs 

The  wing-fuselage  closure  rib  redistributes  wing 
loads  into  the  fuselage.  It  also  becomes  an 
integral  part  of  the  fuselage  side  skin  in  distribu¬ 
tion  of  fuselage  shears  and  cabin-pressurization 
loads.  The  fuselage  frames  are  connected 
through  the  wing  to  both  the  wing-fuselage 
closure  rib  and  the  longitudinal  ribs  of  the  center 
section.  This  provides  a  load  path  for  fuselage 
pressure  loads.  The  rib  is  also  used  as  a  tank 
end  rib. 


The  high-gross-weight,  flaps-down  maneuver 
condition  gives  critical  design  loads  for  the  rib. 

A  rib  analysis  is  shown  in  Fig.  4-21. 

Typical  inspar  ribs  are  Titanium  6AI-4V,  Condi¬ 
tion  HI,  sine-wave  corrugated  webs  welded  to  flat- 
plate  chord  members.  In  addition  to  providing 
stabilization  of  the  surface  structure,  these  ribs 
redistribute  airloadings.  The  sine-wave  struc¬ 
ture  minimizes  chordwise  strains  produced  by 
elevated  temperature  environments.  An  analysis 
of  a  typical  rib  is  shown  in  Fig.  4-22. 

4 . 2 . 4 . 7  Skin  and  Stiffener  Splices 
The  chordwise  skin-stiffener  joints  are  fusion- 
welded  butt  type.  Based  on  test  data,  the  allow¬ 
able  stress  of  a  fusion-welded  butt  joint  is  the 
same  as  the  base  material  being  spliced. 

The  spanwise  skin  splice  locations  are  discussed 
in  Par.  3.1.  Mechanical  fasteners  are  used  in 
these  splices.  Splices  are  designed  for  40,000- 


Figure  4-1 7.  Inboard  Curved  Web  Spar  Shears 
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pal  shear  atreaa  or  ultimate  applied  shear,  which¬ 
ever  is  the  higher. 

On  the  lower  surface,  the  number  of  splices  was 
selected  from  fail-safe  requirements.  The  splice 
members  serve  as  tear  stoppers  with  splice 
stringer  area- to- skin  area  ratios  required  by 
fail-safe  design. 


Typical  spanwise  front  and  rear  spar  skin  splices 
are  shown  in  Fig.  4-23. 

4. 2. 4. 8  Wing  and  Horizontal  Tail  Connection 
When  fully  swept,  the  wing  is  joined  to  the 
horizontal  tall  by  two  probes  supported  by  beams 
cantilevered  off  the  rear  spar.  These  probes 
engage  sockets  in  the  tail  and  maintain  alignment 


REF  FIGURES  4-1  THRU  4-5 
FOR  DESCRIPTION  OF  LOAD  CONDITIONS 
REF  V2-B2707-6-1  FOR  LOAD  REFERENCE  AXIS  DESCRIPTION. 
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G>  FLAPS  DOWN  ROLL  REF  FIG.  4-1 

0>  SUBSONIC  MANEUVER  REF.  FIG.  4-2 

>  FLAPS  DOWN  MANEUVER  REF  FIG.  4-5 

CRITICAL  FOR  FAIL  SAFE  COND  BETWEEN  THESE  RIBS 

--  FRONT  SPAR  SHEAR 

- REAR  SPAR  SHEAR 


REF  V2-B2707-6-1  FOR  LOAD  REFERENCE  AXIS  LOCATION 
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DISTANCE  ALONG  LOAD  REFERENCE  AXIS,  IN 

Figure  4 -20.  Wing  Spar  Shears 
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of  the  wing  and  tail.  The  wing  and  horizontal 
tail  are  designed  to  provide  vertical  position 
alignment  at  n  =  1.0  at  normal  flight  conditions. 
The  probes  are  designed  to  react  loads  produced 
from  differential  loadings  of  the  wing  and  hori¬ 
zontal  tail.  Gaps  are  provided  to  allow  movement 
in  the  chordwise  direction.  The  outboard  probe  is 
designed  to  bottom  out  and  prevent  excessive 
chordwise  wing  deflection. 

During  actuation,  the  muoard  probe  is  first  to 
engage.  Loading  of  the  inboard  probe  for  devia¬ 
tions  from  the  n  =  1 . 0  condition  brings  the  wing 
and  tail  into  closer  alignment  at  the  outboard 
probe.  The  inboard  probe  is  designed  for  the 
actuation  case  with  only  the  inboard  probe  en¬ 
gaged.  The  support  beam  is  common  with  the 
flap  track  supports  and  is  designed  by  flap  loads 
except  in  the  area  near  the  probe  fitting. 

The  outboard  probe  is  designed  by  loads  occur¬ 
ring  at  +2. 5-g  limit  and  -1 .0  g  limit  with  the 
-1.0  g  limit  being  most  severe.  Loads  incurred 
from  the  tail  surfaces  are  relieving  to  the  wing 
structure. 

The  roller  support  fitting  and  fitting  attach 
forgings  are  not  critical  to  the  safety  of  the  air¬ 
plane;  however,  a  multiple  path  fail-safe  concept 
is  used.  The  probe  support  ana'ysis  is  shown  in 
Fig.  4-24. 

4.2.5  Wing  Strake 

The  strake  is  a  multicelled  box  with  spanwise 
ribs,  a  leading-edge  spar,  and  sandwich- 
construction  cover  panels.  Strake  volume  is 
divided  into  three'  integral  fuel  compartments  by 
tank  end  ribs.  Structural  arrangement  of  the 
strake  is  shown  in  Par.  3.1.  Additional  fore 
and  aft  c^mpartmentation  to  limit  the  fuel  head 
for  crash  landing  conditions  is  achieved  by 
restricted  orifices. 

Strake  ribs  coincide  with  fuselage  frames.  Shear 
and  moment  continuity  across  the  fuselage  is 
provided  at  each  rib-frame  intersection.  Ribs 
have  sine-wave  corrugated  webs .  The  front- 
spar  and  wheel-well  walls  are  of  conventional 
ptiffened-web  design. 

The  strake  structure  is  critical  for  a  variety  of 
conditions .  The  surfaces  are  critical  for  a  fuel 
vent  malfunction  during  refueling.  The  vent 
system  is  designed  to  limit  tank  pressures  to 

7.5  psig  limit.  Ultimate  6-g  crash  loadings 


9 

b 

create  the  critical  longitudinal  design  forces  for 
the  bulkheads  and  spars. 

Strake  loads  are  modified  by  fuselage-strake 
interaction  effects  of  bodty  bending  and  tempera¬ 
ture.  The  critical  positive  bending  condition  for 
the  ribs  and  leading  edge  spar  is  a  low-gross- 
weight  gust  condition  with  minimum  strake  fuel. 
The  critical  negative  bending  condition  is  a  2-g- 
limit  taxi  condition  with  full-strake  fuel. 

Design  shear  and  moments  for  the  strake  are 
shown  in  Figs.  4-25  and  4-26. 

Analysis  of  typical  structural  components  of  the 
strake  are  shown  in  Fig.  4-27  and  4-28. 

4.2.6  Wing  Sweep  Actuator 
The  basic  structural  design  concept  of  the  actu¬ 
ator  is  shown  in  Fig.  4-29  and  is  similar  to  that 
used  on  the  stabilizer  jackscrew  on  the  707,  720, 
and  727  airplanes.  A  complete  description  of 
the  actuator  is  given  in  Part  B,  Hydraulics, 
Landing  Gear,  Auxiliary  Systems  (V2-B2707-11), 
of  the  Systems  Report.  The  actuator  gear  box 
is  located  on  the  inboard  end  of  the  screw  and  is 
glmbal  mounted  to  the  fixed  wing  structure. 
Support  of  the  outboard  end  of  the  screw  is 
provided  by  a  gimbal- mounted  nut  attached  to 
the  movable  wing. 

Actuation  is  provided  by  three  hydraulic  motors 
supplying  power  to  a  gear  system  through  a  dual 
torque  tube.  The  gear  system  is  designed  to 
maintain  full-output  torque,  at  reduced  rotational 
velocity,  for  partial  failures  of  the  power  system. 
Failure  of  one  power  system  will  result  in  a 
reduction  of  output  rotational  velocity  of  one 
third.  The  rotational  velocity  is  one  third  of 
design  with  the  failure  of  two  power  systems. 

Axial  screw  loads  are  transmitted  through  three 
separate  ball-bearing  circuits,  each  contacting 
four  screw  threads.  The  torque  brake  prevents 
screw  rotation  during  holding.  The  torque  brake 
is  designed  for  two  times  the  maximum  torque 
developed  from  the  screw  thread  load. 

Dual  load  paths  are  maintained  throughout  the 
gear  box,  drive-train  system,  and  screw. 

Figure  4-29  identifies  the  dual  load  paths. 

Static  conditions  produce  the  maximum  design 
loads  as  shown  in  Fig.  4-30.  Sweep  rotation 
design  moments  are  given  in  Design  Criteria, 
Loads,  Aerodynamic  Heating,  Flutter 
(V2-B2707-7)  of  the  Airframe  Design  Report. 
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ULTIMATE  MOMENT,  IN.  KIP  IN 


BUTTOCK  LINE,  IN. 


Figure  4-25.  Stroke  Shear  and  Moment,  Gust  Condition 


V2-B2707-62 


3 
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Fiquro  4-26.  Strok •  Shtor  and  Momont  (  Taxi  Condition 
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E>  DUAL  LOAD  PATH  SCREW  •  WITH 

TENSION  FAILURE  AT  THE  THREAD  ROOT. 
LOAD  IS  TRANSFERRED  TO  SECONDARY 
ROD  AT  D> 

E>  WITH  SCREW  FAILURE.  TORQUE  FROM 
GEARBOX  IS  TRANSMITTED  DIRECTLY 
TO  SECONDARY  ROD  BY  SPLINES 

TORQUE  FROM  SECONDARY  ROD  IS 
TRANSMITTED  TO  SCREW  BY  SPLINE  IF 
SCREW  FAILS 

DUAL  LOAD  PATH  GIMBALS  (2  PLACES) 
DUAL  LOAD  PATH  NUT 


DUAL  LOAD  PATH  GEARBOX  HOUSING 
IP*  DUAL  INPUT  TORQUE  TUBES 

DUAL  BEARINGS  TO  PREVENT  SEIZURE 
E>  TORQUE  STOPS  (2  PLACES) 

fijl>  THRUST  BEARING  (COMPRESSION) 

THRUST  BEARING  (TENSIONi 
TORQUE  BRAKE 
TRIPLE  BALL  CIRCUITS 


Figurt  4-29 ■  Structural  A rrangtmant,  Wing  Swaap  Actuator 
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WING  SWEEP  ACTUATOR  LOADS 


CONDITION 

holding 

(max'.  TENSION; 

HOLDING 
(max.  comp) 

Al€  -DE6PCES 

A2 

30 

Mz~lN-KlPS(VLp 

-  ©5,500 

+  67,5 OO 

r  ~  INCHES 

84.0 

&\  .0 

FJiB-KIPS^LT.) 

+  1018.0 

-  833.0 

Lab~INCHE£ 

103.0 

120-0 

[£>  RE.F.  M2  B2707-7 


Figaro  4-30.  Ultimato  Design  Loads,  Wing  Swoop  Actuator 


4.3  FUSELAGE  STRESS  ANALYSIS 

4.3.1  Structural  Description 
The  basic  structure  of  the  fuselage  is  a  semi- 
monocoque  shell  of  conventional  skin-stringer 
surface  supported  by  internal  frames  and  bulk¬ 
heads.  Structural  arrangement  of  the  fuselage  is 
shown  in  Sec.  3.2. 

The  fuselage  is  a  complete  torque  box  of  either 
one  or  two  cells  for  its  entire  length.  Continuity 
of  the  torque  section  around  local  cutouts  to 


accommodate  windows,  doors,  and  access 
openings  is  maintained  by  reinforcement  of 
local  structure. 

Forward  of  the  lower-deck  fuel  tanks,  the  entire 
fuselage  is  pressurized.  Aft  of  this  point,  a 
cabin  pressure  floor  extends  to  the  stabilizer 
rear  spar  to  provide  an  unpressurized  area  for 
the  fuselage  fuel  tanks,  wing  center  section, 
rear  main  gear,  equipment  bays,  and  stabilizer 
center  section.  The  pressure  floor  is  supported 
by  continuous  longitudinal  floor  beams,  with 
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floor  beam  support  provided  by  lower-deck 
bulkheads.  Lateral  floor  beams  at  fuselage 
frame  locations  are  used  when  both  upper  and 
lower  sections  of  the  fuselage  are  pressurized. 

An  integral  structural  attachment  is  provided 
between  the  fuselage  structure  and  the  wing  and 
stabilizer  structure.  The  fuselage  frames  and 
floor  structure  provide  continuous  carry-through 
structure  for  the  wing  strake.  The  wing  and 
horizontal-stabilizer  spars  provide  integral 
parts  of  the  main-fuselage-attachment  bulkheads 
except  that  the  rear  stabilizer  spar  is  pin 
connected. 

4.3.2  Fuselage  Design  Loads 

The  critical  design  conditions  for  the  fuselage, 


shown  in  Table  4-D  and  Figs.  4-31  and  4-32, 
are  based  on  criteria  presented  in  Part  C, 
Design  Criteria,  Loads,  Aerodynamic  Heating, 
Flutter  (V2-B2707-7),  of  the  Airframe  Design 
Report.  Forward  of  the  wing  front  spar,  the 
fuselage  is  designed  by  either  dynamic  landing, 
takeoff  taxi,  or  internal  cabin-pressure  loads. 
The  effects  of  nose-gear  impact  are  included  in 
the  dynamic  landing  loads.  No  elevated  temper¬ 
ature  flight  conditions  are  critical  for  the  for¬ 
ward  fuselage. 

Subsonic  maneuver  and  fin  gust  are  the  critical 
vertical-  and  side-load  conditions  for  the  aft 
fuselage.  Portions  of  the  aft  fuselage  are 
critical  for  maneuvers  at  elevated  temperature. 


Figur e  4-31.  Fuselage  Ultimate  Vertical  Shear 
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Table  4-0.  Fuselage  Design  Conditions 


Condition 

No. 

Condition 

Description 

■^“LE 

M 

Alt. 

G.W. 

ncg 

(Deg-) 

(No.) 

(10"3ft) 

(kips) 

9 

Flaps -down 
maneuver 

30 

0.295 

S.L. 

668. 

2.0 

17a 

Dynamic -landing 
negative  bending 

30 

0.211 

S.L. 

430. 

2.6 

25 

Supersonic 

Maneuver  (fwd  eg) 

72 

2.7 

64.0 

605.  . 

2.5 

28 

Vertical  gust 

42 

0.90 

26.6 

380. 

2.32 

50 

Supersonic 

Maneuver  (aft  eg) 

72 

2.7 

64.0 

605. 

2.5 

51 

Subsonic,  Positive 

V.  Maneuver 

A 

42 

0.90 

33.0 

648. 

2.5 

52 

F  nic ,  Negative 

\  Maneuver 

A 

42 

0.90 

33.0 

648. 

-1.0 

. 

204 

Takeoff  Taxi 

30 

S.L. 

675. 

2.0 

Fuselage  nominal  operating  cabin  pressure  Is 
11. 12  psi  and  maximum  relief  valve  setting  is 
12. 34  psi.  An  ultimate  design  pressure  of  2. 5 
times  the  nominal  operating  pressure,  acting 
alone,  is  used.  In  regions  of  stress  concentra¬ 
tion,  such  as  cutouts,  windows,  and  doors,  an 
ultimate  design  pressure  of  3  times  nominal 
operating  pressure  is  used.  An  ultimate  design 
pressure  of  2  times  nominal  operating  pressure 
is  used  in  conjunction  with  flight  loads. 

These  factors  are  higher  than  those  required  by 
FAR  25  (Ref.  13)  and  conservatively  account 
for  cabin  pressure  and  external  aerodynamic 
forces. 


Design  load  criteria  for  floor  structure  and 
fuel  bulkheads  are  contained  in  V2-B2707-7. 

4.3.3  Fuselage  Design  Allowables 
Mechanical  properties  of  fuselage  structural 
materials  and  allowable  strength  of  structural 
elements  are  taken  from  Ref.  8.  Tension 
allowables,  for  riveted  structure,  are  based  on  a 
net  area  efficiency  of  98  percent  or  on  a  gross 
area  efficiency  of  88  percent  for  10  percent 
holeout  or  less.  Gross  area  efficiency  is  85 
percent  for  15  percent  holeout,  and  decreases 
linearly  with  increase  in  holeout.  Allowable, 
gross-section,  effective  tension  stress  versus 
ultimate  tension  load  per  inch  is  shown  plotted 
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in  Fig.  4-33.  The  cutoff  on  the  left  in  the  figure 
represents  0.032-skin  and  0.025-hat-section 
stiffeners,  1.25  in.  .deep,  and  5  in.  on  center. 
Solid  curves  represent  heat-treated  stiffeners 
and  mill-annealed  skins,  while  the  dashed  lines 
represent  mill- annealed  skin  and  stiffeners. 
Mill- annealed  stiffeners  are  an  alternative 
material  choice  in  areas  that  are  not  compres¬ 
sion-critical. 

Compression  allowables  for  upper-  and  lower- 
surface  stiffeners  are  based  on  1.25-in. -deep 
Z-  and  hat  sections  attached  to  an  effective 
width  of  skin.  The  stiffener  crippling  stress  is 
based  on  the  method  of  Needham  (Ref.  9)  and  is 
used  in  the  Johnson-Euler  column  equation  to 


determine  the  allowable  column  stress,  as 
discussed  in  Par.  4.2.  For  any  given  column 
load,  there  is  a  combination  of  stiffener  gage 
and  skin  gage  that  results  in  a  minimum  cross- 
sectional  area.  This  area  is  used  to  establish 
the  allowable,  gross-area,  effective  compression 
stress  versus  compression  load  per  inch  curve, 
shown  in  Fig.  4-34.  The  cutoff  on  the  left 
represents  0.032-in. -skin  and  0.025  Z-section 
stiffeners,  1.25  in.  deep,  and  3  in.  on  center. 

The  ultimate  allowable  net  area  shear  stress  for 
shear- resistant  flat  and  curved  panels  is 
0.60  F^,y  and  0.48  F^,  respectively.  The 

ultimate,  allowable  net-area  shear  stress  for 


Figur •  4-32.  Fuflag*  Ultimate  Vertical  Binding  Momtnf 
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ALLOWABLE  EFFECTIVE  TENSIOW  STRESS  . 
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semitension  field-flat  and  curved  panels  is 
0.49  Ftu  and  0.39  FTU,  respectively.  Gross- 

area  shear  stresses,  based  on  10  percent  hole- 
out  or  less,  are  10  percent  below  these  values. 
The  critical  shear-buckling  stress  for  curved 
panels  is  determined  from  Ref.  14. 


4.3.4  Fuselage  Semimonocoque 

4. 3. 4.1  Forward  Fuselage,  Sta  1199 
Forward  of  Sta  1934,  the  entire  fuselage  is 
pressurized,  including  equipment  and  cargo 
compartments  located  below  the  floor.  At 
Sta  1199  considerations  of  skin  crack  propa¬ 
gation  for  11.12  psi  nominal  operating  pressure, 
have  resulted  in  fuselage  skins  being  designed 
thicker  than  the  0.032-in.  minimum  gage. 

These  thicker  skins,  together  with  stiffeners 
of  equal  gage,  produce  low  shear  and  bending 
stresses  during  ground  operations  and  flight 
maneuvers  (see  Fig.  4-36).  The  maximum 
design  condition  at  this  station  is  dynamic 
landing  at  a  sink  speed  of  10  fps. 


where  FgCR 
b 
1? 


critical  buckling  stress,  psi 
stringer  spacing,  inches 

1/2 

(Et/E)  ,  plasticity  reduction 
factor 


E  m  modulus  of  elasticity,  psi 

Et  =  tangent  modulus  of  elasticity,  psi 

t  =  skin  thickness,  inches 

L  =  frame  spacing,  inches 

R  =  radius  of  shell,  inches 


The  critical  shear-buckling  stress  of  pressurized 
curved  plates  is  derived  from  the  interaction 
equation  of  Ref.  15  for  curved  plates: 

p_\  1/2 

Po/ 


FSCR(P)  fscr 


Fail  safety  is  provided  by  the  multiload  paths 
available  in  semimonocoque  structure.  Body 
skins  are  reinforced  at  every  frame  with  a 
tear  strap.  Fail  safety  of  this  structure  has 
been  demonstrated  with  a  full-size  fuselage 
test  (see  Part  E,  Structural  Tests  (V2-B2707-9), 
of  the  Airframe  Design  Report) . 

4. 3.4.2  Forward  Fuselage,  Sta  1934 
Aft  of  Sta  1934,  the  fuselage  is  divided  into  a 
pressurized  passenger  compartment  and  a 
series  of  unpressurized  fuel  tanks  below  the 
floor.  Skin  thickness  above  the  floor  is 
determined  by  cabin  pressure.  Between  the 
upper  and  lower  surface  of  the  wing  stroke,  the 
fuselage  side  skin  carries  vertical  shear  loads 
and  is  minimum  gage  (0.032  in.).  Below  the 
strake,  the  lower  skin  is  sized  by  panel  flutter 
requirements  because  the  stabilizing  effect  of 
cabin  pressure  is  not  present  in  the  unpressur¬ 
ized  fuel  tanks.  Stringers  are  spaced  to 
stabilize  the  skins  and  sized  to  carry  bending 
loads,  in  conjunction  with  the  skin  (see  Fig. 
4-37). 


=  critical  buckling  stress  of 
pressurized  curved  panel,  psi 

=  cabin  internal  pressure,  psi 
(positive) 

=  critical  external  radial 
pressure,  psi  (negative) 

The  allowable  effective  shear  stress  versus 
shear  load  per  inch  curve  is  shown  in  Fig.  4-35. 
The  cutoff  on  the  left  of  this  figure  represents 
0.032  skin  and  0.025  Z-section  stiffeners, 

1.25  in.  deep  and  5  in.  on  center. 


The  critical  load  condition  is  dynamic  landing 
at  =  10  fps  and  430  kips  gross  weight. 

Next  in  severity  is  vertical  gust  at  Mach  0.90, 
380  kips  gross  weight.  Large  margins  of 
safety  exist  for  elevated  temperature  maneuver 
conditions  as  shown  by  the  analysis  (Fig.  4-37). 

4. 3. 4. 3  Forward  Fuselage,  Sta  2396 
Fuselage  structure  is  similar  to  that  at  Sta 
1934  except  that  skin  and  stiffener  thickness  are 
heavier  to  carry  the  higher  shear  and  bending 
loads.  Fuselage  frames  above  the  floor  are 
designed  by  overall  fuselage-shell  bending 


where  F 


SCR(P) 
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stability  requirements;  those  below  the  floor  are 
designed  by  fuel  tank  pressures  occurring 
during  a  malfunction  of  the  fuel-tank  shutoff 
valve.  Lower- fusel  age  section  bulkheads  are 
located  at  every  third  frame  to  minimize  fuel 
slosh  loads  and  to  contain  the  fuel  during  a 
forward  crash  condition.  The  upper  skin 
surface  is  designed  for  tension  loads  resulting 
from  vertical  bending  combined  with  pressure. 
The  lower  skin  surface  is  designed  by  vertical 
bending  only  and  is  critical  in  compression.  The 
side  sk.n  panels  are  designed  by  the  vertical 
shear  loads  (see  Fig.  4-38). 

The  critical  load  conditions  are  takeoff  taxi, 
vertical  gust  at  Mach  0.90  and  380  kips  gross 
weight,  and  dynamic  landing  at  =  10  fps. 

Fail-safe  design  in  this  area  is  similar  to  that 
of  other  sections  of  the  fuselage. 

4. 3. 4. 4  Rear-Spar  Fuselage  Bulkhead 
The  rear  spar  fuselage  bulkhead  consists  of 
the  rear-spar  shear  web  in  the  center  wing,  a 
machined  ring  frame  in  the  upper  lobe  above  the 
wing,  and  a  forged  fitting  attaching  the  rear  spar 
to  the  machined  frame  at  the  side  of  the  fuselage 


(see  Par.  3.2).  Wing  vertical  loads,  consisting 
of  rear-spar  vertical  shears  and  wing  root 
torsional  shears,  are  applied  to  the  bulkhead  and 
carried  into  the  fuselage  skin.  The  bulkhead 
must  also  conform  to  the  rotation  of  the  wing, 
caused  by  flexure,  and  the  resulting  lateral 
displacement  of  the  bulkhead  at  the  upper  and 
lower  surface  of  the  wing. 

Critical  design  conditions  for  the  bulkhead  include 
a  symmetrical  pitchup  and  maneuvers,  rolling 
pullout  maneuvers,  and  fin  gust  loads.  The  anal¬ 
ysis  that  follows  is  for  Condition  9,  n  =  2  factors 
limit,  flaps -down  maneuver  at  maximum  gross 
weight  (see  Fig.  4-39). 

Fail-safe  conditions  at  the  bulkhead  above  the 
wing  will  result  in  rear  spar  and  wing  root-rib 
upward  loads  being  carried  in  direct  compression 
in  the  fitting.  Downward-acting  loads  will  be 
carried  forward  and  aft  in  the  side  of  the  fuselage 
and  introduced  into  the  fuselage  by  the  adjoining 
frames. 

4.3.4. 5  Aft  Fuselage,  Sta  2765 
The  aft  fuselage  is  frame-  and  stringer-supported 
monocoque.  In  the  area  where  lower  surface 
cutouts  are  provided  for  main  landing  gear  doors 


ULTIMATE  SHEAR  LOAD,  KIP  IN. 


Figure  4-35.  Fuselage  Sid e  Panel  Shear  Allowables 
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Figura  4-36.  Forward  Futolaga  Analysis,  Station  1199 
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ELEMENT  *1  -  TENSION  CRITICAL 

STIFFENER:  Tt  6-4  COND.  3H 
5KIN:  Tt  6-4  CONO.  I  (Mia  ANNEAL) 
-  .95  *  139  -  132  K5I 
TENSION  STRESS  DUE  TO  SENDING: 

M6  KSI 

TENSION  STRESS  DUE  TO  PRESSURE: 
fT  p  "  3-7  KSI 

TOTAL  TENSION  STRESS: 
fT  -  124.7  KSI 


M.5. 


132 

124.7 


I -.06 


ELEMENT  *  27  -  SKIN  SHEAR  CRITICAL 

SKIN:  Tt  6-4  COND.  I  (Mill  ANNEAL) 
t  -  JO 50* 

FSu  -  .37  *  139  *  51.5  KSI 
fs  «  37.6  KSI 


BODY  SECTON  PROPERTIES: 

A  net  -  57.94  in2  2-0  €>W.L.  240.7 
^6R05S  "  ^'75  OmAX*  779.16  IN? 

IY  -  205,626  in? 

ELEM  Z 

I  66.2 

27  2.5 


49 

-75.5 

CRITICAL  LOAD 

CONDITIONS: 

COND. 

Vz(KIRS) 

Mv(lN.-KlP5) 

DYN.ID6  NEG.  BEND. 

315 

270,000 

T.O.  TAXI 

495 

150,000 

START  CRUISE  MAN. 

66 

110,000 

m  *  51.5  i 

Mymrn  1 


.37 


ELEMENT  *49  -  COMPRESSION  CRITICAL 
STIFFENER  :  Ti  fc-4  COND.  HT 
SKIN:  Tt  6-4-  COND.  Y  (DUPLEX  ANN.) 

L-  21" 

C-  I 

E  « I6*I04  PS1 
Fee*  132.1  KSI 

fc-  99  KSI  fJ° 


107  KSI 


M.5.  ■ 


107 

99 


-  I  *  .08 


Figaro  4-38.  Forward  Fusolago  Analysis,  Station  2396 
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EXTERNAL  LOADS  (ULTIMATE) 
LOAD  CONDITION  9 


NODE  NO. 

Y  IN. 

Z  IN. 

g  LB  IN 

1 

0 

106.60 

0 

2 

23.92 

102.81 

1,575 

3 

45.49 

91.82 

3,000 

4 

62.62 

74.69 

4.120 

5 

73.61 

53.12 

4.850 

6 

77.40 

29.20 

5,100 

7 

77.40 

19.47 

5,100 

9 

77.40 

9.73 

5,100 

9 

77.40 

0 

5,100 

EXTERNAL  (ENFORCED)  DEFLECTIONS 
LOAD  CONDITION  9 
NODE9:fiV  =  -.5  IN. 
be  =  -.02  RAD. 

INTERNAL  LOADS  (ULTIMATE) 

M  =  MOMENT  AT  NEUTRAL  AXIS 
+M  INDICATES  TENSION  AT 
INNER  CAP. 

P  =  AXIAL  LOAD  AT  NEUTRAL  AXIS 
+P  INDICATES  TENSION 
V=  SHEAR 


LOAD  CONDITION  9 
NODE  NO.  M  IN.  ■  KIP  P  KIPS  V  KIPS 


973.6 

98.47 

— 

366.2  ‘ 

47.93 

40.91 

-98.2 

1.68 

42.61 

-908.7 

-9.36 

14  38 

-1.005.5 

-196.73 

48.54 

403.4 

-305.65 

97.57 

1.464.4 

-341.80 

137.52 

2.980.0 

-390.99 

143.63 

4  609.9 

-440.61 

143.63 

— lL l, _ 

WING  REAR  SPAR  (REF)  - 

Pear  Spar  Bulkhead 


Figure  4-39.  Pear— Spar  Fuselage  Bulkhead 
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SECTION  A-A  (NODE  5) 
SECTION  PROPERTIES 


A-  4-5S  i  N? 

r  i.M' 

M/mvii  ;  j  ■  6-AL-4V/  CQND.  [II 
LOADS  AND  STRESSES 
M»  -1005  5  IN-KIPS 
P=  -196  73  KIPS 

■f.  -  -ipoa-sxi-aa*  -109,200  psi 

*  17  65 

P/A  =  ~  196.73  .  -  42.800  PSI 
4-58 

fc*  -I09|  260-42,800=  '132,000  PSI. 
-152,000  PS» 

M  S  -  152  .  /.O  -  QO  -* - 


SECTION  B-B  (NODE  9) 
SECTION  PROPERTIES 


A*  9 .<4  IN  * 

Jyy  ■  153-83  In} 

MATER  /  AL:Tl  6AL-4V/,  FOW6IN6,  COND  III  — 
LOAOS  AND  stresses 
M*  46*0  IN-KiPS 
ps  -440- 6>  KIPS- 
■f,  *  4feljgx-J4-  =  -  102,100  PSI 

P/A*  -440.6  =-4 3,300  PS  I- 
9-14  * 

-fc ---I02t>00- 48,300  *  -isqjoo  PSJ- 
-152,000  PSI 

M-S.a  1320  -<.Q»  f.O/  - - 

1304 


Figure  4-39.  (Concluded) 
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and  equipment  access  doors,  two  lower  longerons 
carry  lower-surface  axial  loads.  Maximum 
positive  flight  maneuvers  produce  design 
compression  loads  in  the  lower  longeron,  with 
maximum  negative  maneuvers  applying  tension 
loads  equal  to  approximately  40  percent  of  the 
maximum  compression  loads.  Aft  fuselage 
torsion  caused  by  fin  gust  is  carried  by  a  torsion 
cell  composed  of  the  upper  lobe  and  the  pressure 
web  below  the  floor  and  by  differential  bending  of 
the  sides.  The  upper  skin  is  designed  by  shear 
loads  from  fin  gust,  the  side  panels  by  vertical 
shear  loads,  and  the  pressure  web  by  torsion 
caused  by  fin  gust  (see  Fig.  4-40). 

The  critical  vertical  load  conditions  are  the 
n  =  2  factors  limit,  flaps-down  maneuver  at 
maximum  gross  weight  and  the  n  =  2.5  factors 
limit  maneuver  at  Mach  0.90.  The  critical 
side-load  condition  in  the  aft  fuselage  is  fin 
gust  at  Mach  1.2. 

Fail-safe  provisions  are  provided  by  the  inherent 
multiplicity  of  load  paths  in  semimonocoque 
structure.  The  lower  longeron  is  divided  into 
five  longitudinal  segments  to  avoid  wing-flexure- 
induced  bending  stresses,  at  the  point  that  it 
crosses  the  lower  surface  of  the  wing.  This 
approach  also  provides  multiload  path  structure 
and  meets  fail-safety  requirements  without 
added  weight. 

4. 3. 4. 6  Fuselage  Aft  of  Sta  34 uJ 
The  fuselage  aft  of  the  aft  pressure  bulkhead 
(Sta  3405)  is  of  frame  and  longeron  construction 
with  several  bulkheads  to  support  fin  and  fuel 
loads.  Titanium  skins  are  used  between  Sta 
3405  and  3544.  Sandwich  panels  form  the 
external  surfaces  aft  of  Sta  3544.  Bulkheads  at 
Sta  3451  and  aft  are  of  sandwich  construction. 

The  primary  structure  in  the  aft  fuselage  is 
strength  designed,  and  there  is  no  additional 
structure  required  to  meet  the  sonic  fatigue 
environment  and  criteria  shown  in  V2-B2707-7. 

Aft  fuselage  loads  are  shown  in  Fig.  4-41  for  the 
critical  condition  of  landing  at  takeoff  gross  weight 
with  aft-fuselage  fuel  tanks  full.  The  same  figure 
shows  analysis  at  three  body  locations  aft  of  Sta 
3405.  A  typical  bulkhead  analysis  at  aoi  3451  is 
shown  in  Fig.  4-42  for  fin  loads  and  i2-g  fuel 
thrust  loads. 

4.3.5  Wing-to-Fuselage  Joint 

The  wing  center  section  inside  the  fuselage  has  a 

177-in.  chord  and  a  ]  55-in.  span. 


Cabin  pressure  loads  are  carried  by  the  front 
and  rear  spars  and  by  three  additional  spars 
located  between  the  main  spars.  These  five 
spars  also  carry  fuel-slosh  loads  as  well  as 
fuel-pressure  loads  caused  by  a  crash  condition. 
The  aft  main  gear  trunnion  is  located  aft  of  the 
rear  spar  and  inboard  of  the  side  of  the  fuselage. 
It  is  supported  by  an  inboard  and  outboard  fitting 
on  the  rear  spar.  The  outboard  fitting  is  com¬ 
bined  with  the  rear  spar-to-fuselage  fitting. 

Cabin  pressure  loads  help  reduce  wing  fitting 
loads,  resulting  in  lower  wing-to- fuselage 
vertical  loads.  Hence,  the  critical  design 
condition  for  the  wing-to-fuselage  fittings  occurs 
with  an  unpressurized  cabin.  The  fuselage 
structure  must  also  have  proper  stiffness 
distribution  to  accommodate  wing  flexure  with 
minimum  induced  stresses.  Fuselage  structure 
is  arranged  to  progressively  reduce  the  deforma¬ 
tion  caused  by  wing  flexure,  both  forward  and 
aft  of  the  wing  center  section. 

The  wing  is  attached  to  the  fuselage  by  titanium 
forgings  bolted  to  the  front  and  rear  spar  at  the 
side  of  the  fuselage.  The  forgings  extend  the 
full  depth  of  the  wing  and  about  36  in.  above  the 
upper  surface  of  the  wing.  The  forgings  are 
tapered  above  the  wing  and  attach  to  a  ring 
frame,  which  provides  the  required  flexibility. 

The  fuselage  is  flat- sided  below  the  upper  lobe, 
with  the  wing  rib  coinciding  with  the  side  of  the 
fuselage.  The  entire  side  of  the  fuselage  is 
utilized  for  vertical  shear  distribution.  Because 
the  wing  is  50  in.  deep  compared  to  a  fuselage 
depth  of  160  in. ,  approximately  40  percent  of 
the  wing  vertical  shear  is  carried  directly  into 
the  fuselage,  resulting  in  lighter  front  and  rear 
spar-to-fuselage  fittings.  All  intermediate 
fuselage  frames  between  spars  are  bolted 
through  the  wing,  providing  load  continuity  for 
vertical  loads,  caused  by  cabin  pressure,  and 
deflection  continuity  between  the  front  and  rear 
spar  fittings  and  the  inspar  frames,  resulting  in 
low  induced  stresses. 

In  the  event  of  failure  of  either  front  or  rear 
spar  fitting,  up-load  from  the  wing  will  be 
carried  in  the  fittings  in  direct  compression. 
Down-load,  caused  by  negative  maneuvers, 
combined  with  cabin  pressure,  are  carried 
forward  and  aft  of  the  spars  to  adjacent 
fuselage  frame  and  bulkhead  structure.  Inspar 
fuselage  frames  adjacent  to  the  additional  center- 
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ELEMENT  39 

CRITICAL  LOA.D  CPNJDTlOluS 
CJNO  V y  My 


EL.ENie.KlT  MO.  I 

“TENJ5IOM  CRITICAL 
STIFF.  T  l  6-4  COKJDH1 
SVC \KJ  Tl  6-4  MILL  AMK1EAL 


FTu  t  / 3  Sf>OO(0.§5):  <32000  Pbl 
TEK13IOM  STRESS-  EsEUDIMG, 

L  =  111,500  P3| 

B 

TEM5IOIU  STRESS- PRESSURE 
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T,OtLL  TE.VUSIOU 


'RESS 


n total 
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MS-*  Tf§j-/*0.0") 


ELLEMEImT  KJO  2  3  SKITJ  ShEAR  CPJ 
SL  .  — i-4  DJPLE.X  -V.'?.  . 
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4^00  ?f>l 

COUD.  9  NV5. -^^--lzO.13 

43.9 
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Figure  4-40 ■  Aft  fuselage  Analysis,  Station  2765 
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AFT  BODY  LOADS 
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STRENGTH  ANALYSIS 


I 

M  5.  = 


=  O.I4G  (M4 
0.(40 


O.  H4 


-\  =0.28 


&F*4D(MG  GECTiOVi  TUC.OUGW  AFT 
HOMEYCOV'AE.  COVsMCAL  8ECT\Ov4 


A  =  0.25  a"  TYP 


TAVCVMG  ©EkiG(K\G  (*4  (lOV^E  Eukj'b  Ct^ 
T  =  {2 (0.2.6) [30.2  COS45*]2}  (2^  =  450  iKl‘ 

n  1.2 00^(21.2 A  __ 

+,  =  - *— — 1 -  -  EG, OOO  P51. 

c  450 


Figurt  4-41.  Aft  Futtlagt  Analytit,  Aft  of  Station  3405 
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BULKHEAD  ANALYSIS 


53,7*0  53,750 


□  2*4(5.20 
L:  <5,240  IW.Vfc. 


TOROJE  APPLIED  TO  BULKHEAD 
=  53,750*20  +924>  30*20  +25,750*51.2 
*  8.00  *IO*  IN  LB. 


TAKING  A  STRIP  OF  THE  HOMEY'- 
COMB  PANEL  AT  THC  MAXIMUM 
HALF  WIDTH  AND  CHECKING  AS  A 
SIMPLE  SUPPORTED  CONTINUOUS 
BEAM. 


W  - 16  LB 'IN 


fc 


FOR  2  IN.  -,Ol3  FACES  HONEYCOMB 

t =  92'so°  PSI 

Fc  =  i  co, :  oo  psi 

M.S.  =  100,000/92,300  -I. O  -  C.Oe 


balancing  Shear  flows 

A.  -  J1  +  JL  ,  6.0  *\Q*  ,26750  lb 

T3  2A  2D  2TT^5l22  2*1024-  'N 

„  T  S  a  _LB_ 

0(4  2a  ~  2D  '  345  <N 


VERTICAL  STIFFENERS  MUST  RE¬ 
DISTRIBUTE  THE  loads  applied 
to  the  bulkhead  from  the  fin 

ROOT  TO  the  HONEYCOMB  PANELS 
AL^NG  THE  ENTIRE  LENGTH  OF 
THE  STIFFENERS. 

bulkhead  sta  3451  pressjre  ldal 


THIS  LOADING  WILL  DESIGN  THE 
MAJOR  PORTION  OF  THE  BULKHEAD- 
THE  LOADING  IS  CAUSED  BY  THE 
FUEL  HEAD  DURING  A  12  G  CRASH 
CONDITION. 


.  50x46»l2 

i  =  1728 


16  PSI 


Figure  4-42 ■  A/f  Fust  lag*  Analysis,  Station  3451 
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wing  spars  have  sufficient  strength  because  of 
cabin-pressure  load  requirements  to  carry  the 
maximum  limit  down-load.  A  fuel-tank  bulk¬ 
head  and  high-strength  frame,  which  provides 
an  alternative  load  path  for  down-loads  on  the 
front  spar,  is  located  40  in.  forward  of  the 
front  spar.  A  wheel-well  floor  support  bulk¬ 
head  and  high-strength  frame,  which  provide  an 
alternative  load  path  for  down-loads  on  the 
rear  spar,  is  located  36  in.  aft  of  the  rear  spar. 

A  wing-body  internal  loads  analysis  has  been 
developed  to  encompass  all  wing  primary 
structure  inboard  of  the  wing  pivots  and  all 
fuselage  primary  structure  from  one  frame 
forward  of  the  horizontal  tail  to  five  frames 
forward  of  the  wing  front  spar.  This  analysis 
permits  a  comprehensive  determination  of  wing 
interaction  with  the  body  throughout  the  central 
section.  Included  are  effects  of  landing  gear 
loads  in  stowed  and  extended  positions,  inboard 
flap  loads  for  various  flap  positions,  pivot 
actuator  loads  for  all  wing  sweeps,  and  the 
effects  of  doors,  windows,  access  panels,  and 
wheel-well  cutouts  on  distribution  of  load  in  the 
structure. 

This  structure  is  analyzed  using  the  finite- 
element  direct  stiffness  method.  The  structure, 
idealized  as  an  assembly  of  plate  and  beam 
elements  intersecting  at  nodes,  is  loaded  along 
beam  elements  and  at  nodes  by  external  and 
internal  forces.  These  forces  are  caused  by 
surface  air  loads,  internal  pressurization, 
inertia  loads,  and  control  surface  loads. 

Thermal  gradients  are  applied  along,  across, 
and  through  plate  and  beam  elements.  Internal 
plate  and  beam  element  forces  and  node  deflec¬ 
tions  are  obtained  as  a  result  of  applied  loads  and 
temperatures  and  the  structural  redundancies. 

Figure  4-43  is  an  abbreviated  display  of  the 
mathematical  model  centerline  diagram  of  the 
section.  Solid  lines  represent  boundaries  of 
plate  elements  and  the  offset  centerlines  of 
beam  elements  to  which  plate  elements  are 
attached.  There  are  1,899  nodes,  2,191  plate 
elements,  and  2,978  beam  elements  in  the  center- 
section  mathematical  model.  Internal  loads 
and  deflections  are  determined  for  symmetrical 
and  for  unsymmetrical  load  conditions. 

Plate  elements  are  capable  of  inplane 
stretching  and  shear,  and  out-of-plane  bending 
and  shear.  Plates  may  be  isotropic  or  ortho¬ 


tropic,  stiffened  or  sandwich,  buckled  or 
unbuckled.  Plate  temperature  may  be  uniform 
or  vary  linearly  between  nodes  and  through 
the  plate  thickness .  Beam  elements  are  capable 
of  stretching,  shear,  bending,  and  torsion,  may 
be  pinned  and/or  fixed  arbitrarily  at  their  ends, 
may  be  offset  with  respect  to  their  nodes  in  any 
direction  and  to  any  degree,  may  be  straight  or 
curved,  and  may  vary  arbitrarily  in  section 
properties  (continuously  and  discontinuously) 
between  nodes.  Beam  elements  may  be  loaded 
continuously  or  discontinuously  between  nodes 
by  all  components  of  moments  and  shears  and 
may  be  subjected  to  thermal  gradients  in  any 
direction  through  their  cross  sections  as  well 
as  along  their  lengths. 

This  wing-fuselage  internal  loads  and  deflection 
analysis  will  be  combined  with  similar  solutions 
for  the  horizontal  tail- fuselage  and  the  forward 
fuselage. 

4.3.6  Crew  Compartment 

4. 3. 6.1  Structural  Description 
The  crew  compartment  structure  incorporates 
windows  with  sills,  posts,  and  frames  to  sup¬ 
port  the  windows  and  to  redistribute  the  loads 
around  the  window  cutouts.  Outisde  of  the 
window  area,  semimonocoque  structure  employ¬ 
ing  longerons  with  closely  spaced  frames  or 
stringers  with  larger  frames  spacing  is  used. 

The  basic  structural  material  used  throughout 
the  crew  compartment  is  titanium  6A1-4V. 


4.3.6.  2  Internal  Loads 
The  windows,  window  sills,  window  posts, 
frames  and  skins  of  the  crew  compartment 
form  a  highly  redundant  structure  that  is 
analyzed  by  the  COSMOS  digital  computer 
program.  A  separate  airloads  panel  program 
was  used  to  distribute  panel  loading  to  the 
nodes.  The  grid  of  structural  elements  em¬ 
ployed  in  the  programs  is  shown  in  Fig.  4-44. 

The  crew  compartment  is  designed  primarily 
by  internal  pressure,  thermal,  and  dynamic 
landing  loads.  The  stress  analysis  of  typical 
members  using  loads  from  ‘he  COSMOS  program 
are  included  in  this  document.  The  critical 
loads  are  for  the  3-factor  pressure  condition 
with  material  allowables  reduced  because  of 
elevated  temperature. 
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JV  PROJECTION  OF  STRUCT  MEMBER  TO  SKIN 

•%  ADDITIONAL  PLATE  BOUNDARIES  FOR  COSMOS 

NOTE:  UPPER  LOBE  ABOVE  FLOOR  SHOWN  ONLY 


Figure  4-44.  Phase  II -C  Crew  Compartment  Ideal i ltd  Structure 
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4. 3.  6.  3  Analysis 

Detail  analyses  are  presented  for  typical 
sections  of  the  Phase  IFC  crew  compartment 
in  Fig.  4-45.  This  test  structure  is  repre¬ 
sentative  of  the  B-2707  crew  compartment. 
Fail-safety  of  the  crew  compartment  is 
achieved  by  designing  each  load-carrying 
member  as  an  assembly  of  two  or  more  elements. 

4.  3.  7  Moveable  Nose 

The  moveable  nose  is  a  monocoque  structure 
composed  of  titanium  skins  and  longerons 
(see  Par.  3.  2).  Frames  are  at  7-inch  spacing 
extending  from  the  aft  end  of  the  radome  to  a 
hinge  point  located  on  the  fuselage  at  Sta  607.  5. 
Because  large  window  cutouts  are  located  above 
the  upper  longerons,  only  the  area  below  the 
upper  longerons  is  considered  effective  in 
carrying  monocoque  bending.  The  area  above 
the  upper  longerons  is  designed  to  carry  local 
air  loads.  Actuation  of  the  moveable  nose 
is  accomplished  by  means  of  a  jack  screw 
supported  from  the  fuselage  forward  pressure 
bulkhead. 

The  section  is  designed  by  the  nose-gear-up 
landing  run-out  with  maximum  braking  effort. 
Local  structure  is  designed  by  external 
aerodynamic  air  pressure  combined  with  the 
maximum  thermal  environment.  Analysis  of 
the  moveable  nose  is  shown  in  Fig.  4-46. 

4.  3.  «  Floor  Beams  and  Pressure  Web 
The  passenger  cabin  floor  ari  pressure  web 
is  supported  on  longitudinal,  corrugated, 
shear  web  beams.  These  beams  are  supported 
every  third  frame.  Both  beams  and  pressure 
webs  are  made  of  titanium  6A1-4V  (Condition 
I).  Each  beam  is  analyzed  as  a  continuous  beam 
with  its  top  and  bottom  flanges  stabilized  by 
the  floor  panels  and  pressure  webs  respectively. 
Room  temperature  allowables  are  used  for  all 
computations  because  the  floor  beams  are  with¬ 
in  the  temperature-conditioned  cabin. 

The  design  conditions  investigated  consisted 
of  2.  f>  factors  on  cabin  pressure  alone,  2 
factors  pressure  and  flight  loads,  forward 
crash  loads,  fuel  tank  pressure  effects,  and 
thermal  interaction  forces. 

Thermal  stresses,  induced  by  the  heated  fuselage 
skin,  were  investigated  using  the  model  shown 
in  Fig.  4-47  and  the  COSMOS  program.  In  the 
mathematical  model,  a  circular  fuselage  with  the 
floor  at  mid-height  was  used.  Stringer  areas 
are  assumed  lumped  at  15  deg  intervals  except 


for  the  first  20  in.  on  either  side  of  the  skin- 
floor  intersection  where  actual  stringer  areas 
were  used.  Actual  floor  beam  areas  and  a 
0.020  pressure  web  are  used  for  the  floor.  The 
results  of  this  calculation  show  that  the  beam 
and  pressure  web  are  strong  enough  to  support 
all  thermally  induced  loads.  Maximum  tension 
stress  in  the  pressure  web  and  floor  beams  is 
21,600  psi  because  of  thermal  effects.  The  web 
consists  of  panels  21  by  11  in.  with  a  2  by  0.02 
in.  doubler  adhesive  bonded  at  all  floor  beams 
and  frames.  Two  1  by  0.02  in.  doublers  are  ad¬ 
hesive  bonded  between  frames.  These  doublers 
serve  as  tear  straps. 

Thorough  trade  studies  were  conducted  on  the 
various  types  of  floor  beams.  These  studies 
showed  that  the  corrugated  shear  web  is  the 
lightest  (Ref.  4). 

Ir.  the  event  of  failure  of  one  floor  beam ,  each 
adjacent  beam  has  sufficient  strength  to  carry 
the  severed  beam's  load.  The  pressure  web 
has  sufficient  strength  to  carry  the  load  over  to 
the  adjacent  beams.  Maximum  beam  stress 
level  caused  by  1  factor  cabin  pressure  and 
thermal  effects  is  limited  to  37,000-psi  tension. 
Maximum  longitudinal -pressure  web  stress 
caused  by  1  factor  cabin  pressure  is  33,350-psi 
tension  (21,600  psi  caused  by  thermal  effects, 
and  11,750  psi  caused  by  membrane  tension). 
Maximum  lateral -pressure  web  stress  is 
41,350-psi  tension  (3,150  psi  caused  by  thermal 
effects  and  38,200  psi  caused  by  membrane  ten¬ 
sion).  This  structure  has  been  tailored  to  these 
stress  levels  to  meet  service-life  requirements. 

4.3.9  Windows 

The  primary  pressure-carrying  panel  of  each 
window  in  the  crew  compartment  is  a  laminate 
employing  two  panes  of  chem -tempered  glass  as 
the  primary  load-carrying  members  and  utiliz¬ 
ing  a  plug-type  installation.  An  outer  mono¬ 
lithic  pane  of  glass  is  employed  as  a  secondary 
pressure  fail-safe  path  and  is  attached  to  sup¬ 
porting  structure  by  a  flush  retainer  ring.  The 
polyvinyl-butyral  interlayer  of  the  main  wind¬ 
shield  provides  the  required  bird-impact  re¬ 
sistance. 

The  passenger  window  assembly  is  composed  of 
three  panes,  consisting  of  two  load-carrying 
panes,  and  one  inner  nonstructural  pane.  The 
outer,  or  fail-safe  pane  is  0.8-in.  chill-tem¬ 
pered  soda  lime  glass.  The  center  basic  pres¬ 
sure  pane  is  0.125-in.  c!»em -tempered  glass. 
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OF  SILL 

CRITICAL  CONDITION  l  3.0  FACTOR 
INTERNAL  PRESSURE  —33.36  PSI 
SECTION  A- A  IS  THE  CRITICAL 
SECTION  (SEE  FIG.  ) 


NET  SECTION  PROPERTIES:  X*y  ARE 
PRINCIPAL  AXES.  I*«  1-50  IN*,  V<?.«0  IN4 
A  =  Cx*  W  ,  Cy  »  Z.7f" 

STRESS  ANALYSIS 
LOADS  AT  SECTION  A- A*.  P=  -MR,  300  LB 
Mx  »  Zl,730"'l£>  My  =  5750m’\-B 

P/a  =  n, 300/1.  n  =  4.  15,400  psi 

M,  Cy/lx  =  21,7  30  (£.7!/l.50  =  4  40,700  psj 
MyCx/iy  *  Z?50(b.1t)/6jBO=  4-1JI0 0  PSI 
15,499  +  40,100  47,100  -  4  432 00  PSI 
Ft  -  107,900  PSI  AT  350*  F  ^ 

M*S.  -  107.0/^3.2  -  I  =  -*-0.61  ««  MiLS, 

t£>  Ti  -6AL  -4V  COND  I  BAR  STOCK. 

POINT  OF  CRITICAL  TEN51LC  STRESS 
[J>  INCLUDES  5£  CONC.  FACTOR 


e  r  post 

CRITICAL  CONDITION:  3.0  FACTOR 
INTERNAL  PRESSURE,  33.34  PSI 
SECTION  B-B  IS  THE  CRITICAL 
‘SECTION  ('SEE  FIG.  ) 


“x 


SECTION  B-B 

NET  SECTION  PROPERTIES!  X*y  ARE* 
PRINCIPAL  AXES.  I*»  3.21  IN4,  I,--  .37  IN4 
A  *  1.4k  O",  C*  *  1.50",  Cy  =  1*54" 
STRESS  ANALYSIS 
LOADS  AT  SECTION  B-B:  P=*33(3ZC>* 
Mk  =  77,030"-*  ,  My  *  Z^IO"'* 

P/A  >  33,32.0/1.46  =  4ZZ,?00  P^»I 
MxCy/lx  -  77,030(1.54)/ 3.Z|  =  4  37,  TOO  Psi 
My  Cx/lr  --  27i0  (|.3£>)/.37  -  4  10, zoo  P5J 
^  --  ZZ.ioO  4  37,  =  7Q 

f;  =  102,000  P5X  €.  450’  F  ^  ^ 

M  S.  -  102.0/70.7-1  =  -t-.44^^,s' 

Tl-6AL-4\/  condt  Plate  stock. 
§>  THE  ABOv/t  MARGIN  OF  SAFETY 
IS  HIGH  BECAUSE  THE  EF  ?0?T 
IS  LIGHTLY  STRESSED  IN 

Order  to  reduce  the 
deflection  of  this  member 


Figure  4-45.  Crew  Co mpartmtnt  Analysis 


lJts 


V2-B2707-6-2 


V2-B2707-6-2 


THE  ANALYSIS  .SHOWN  FOR  ONE 
FLOOR.  BEAM  4  PRESSURE  WEB  IS 
TYPICAL  FOR  ENTIRE  CABIN  FLOOR 
IN  SECT  45  (ASSUME  II*  BEAM 
SPACIN&) 

LOA^/INCH  ON  6EAM-£^l.l^(jl)^Jafi>K 


306  LB  IN. 


CORRUGATED  BEAM  WEB 


BEAM  WEB  HAS  GO*  CORRUGATIONS 
WITH  A  HO"  RADIUS.  WEB  IS  LOCAL 
STABILITY  CRITICAL. 


MATHEMATICAL  MODEL 
OF  INPUT  TO  COMPUTER 


SHEAR  STRESSES,  (PSl),  IN 
PRESSURE  WEB  DU E  TO  THERMAL 
EXPANSION  OF  THE  FUSELAGE 


Figure  4-47 ■  Analysis  of  Floor  and  Pressure  Web 
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The  inner,  or  passenger  accommodation  l-'ner, 
is  acrylic  sheet. 

The  cab  No.  2  window,  window  sills,  window 
panes,  window  seals,  and  local  supporting  struc¬ 
ture,  which  make  up  a  highly  redundant  struc¬ 
ture,  are  analyzed  employing  the  SAMECS 
digital  computer  program. 

The  displacement  and  rotation  of  structure 
adjacent  to  the  window  and  window  frame  subas¬ 
sembly  (as  obtained  from  the  crew  compartment 
internal  loads  analysis)  are  forced,  at  node 
points  surrounding  the  mathematical  model,  to 
simulate  the  deformation  of  the  crew  compart¬ 
ment  structure  beyond  the  window  model. 

Thermal  gradients  and  pressure  corresponding 
to  these  forced  displacements  and  rotations  are 
applied  to  the  window  model.  All  windows  in  the 
prototype  cab  will  be  similarly  analyzed  (see 
Fig.  4-48). 

Because  of  the  hazard  to  crew  and  passengers 
from  sudden  decompression  of  an  airplane  at 
70,000  ft  caused  by  the  loss  of  any  one  of  the 
crew  compartment  windows,  all  of  the  crew 
windows  incorporate  dual  fail-safe  paths.  The 
primary  pressure-carrying  panel  of  each  window 
in  the  crew  compartment  is  a  laminate  employ¬ 
ing  two  panes  of  chem -tempered  glass,  with  each 
pane  capable  of  carrying  1.5  factors  on  the 
operating  pressure.  An  outer  monolithic  pane  of 
glass  employed  in  the  window  assembly  is  also 
capable  of  carrying  1.5  factors  on  the  operating 
pressure.  Because  the  passenger  windows  have 
considerably  smaller  area  than  the  crew  com¬ 
partment  windows,  they  have  a  single  fail-safe 
design.  The  main  pressure-carrying  pane  of 
chem-tempered  glass  is  designed  to  three  fac¬ 
tors  on  the  operating  pressure.  The  external 
fail-safe  pane  has  sufficient  strength  to  carry 
4.9  factors  on  cabin  pressure.  The  fail-safe 
adequacy  of  this  two-pane  design  has  been  sub¬ 
stantiated  by  an  extensive  test  program  (V2- 
B2707-9) . 

4.3.10  Nose  Radome 

The  nose  radome  is  a  filament -wound,  polyi- 
mide-impregnated,  fiberglass  conical  shell 
structure.  A  slip-cast  ceramic  cap  is  bonded  to 
the  nose  to  provide  rain -erosion  resistance. 

The  radome  is  designed  to  take  monocoque  bend¬ 
ing,  distributed  air  loads,  and  internal  pres¬ 
surization.  The  wall  thicknesses  are  based  on 
electrical  transmissivity  requirements;  thus 
margins  of  safety  for  loads  are  large.  The 


critical  load  condition  is  as  follows:  dive 
maneuver,  Mach  =  2.7,  n  =  2.5  limit,  with  ex¬ 
ternal  pressure  p  =  3.5  psi  (see  Fig.  4-49). 

4.3.11  Fuselage  Frames 

Fuselage  frames  are  continuous  rings  attached 

to  the  longitudinal  stringers  through  clips. 

Shear  tie  connections  are  used  between  the  skin 

and  frame  in  some  areas  for  localized  shear 

transfer. 

Fuselage  frames  are  designed  for  loads  result¬ 
ing  from  stability  requirements,  internal  and 
external  pressure,  thermal  gradients,  lower- 
lobe  fuel-cell  supports,  and  strake  loads. 

Frame  stiffness  requirements  to  prevent  fuse¬ 
lage  i  eneral  instability  are  based  on  Shanley's 
equation  modified  to  account  for  the  stabilizing 
effect  of  the  floor . 


,  3  MD2 

ireq'd  4  W  gL 


where: 


Modulus  of  elasticity  of  frame,  psi 
Moment  of  inertia  of  frame,  in.’ 
Empirical  stability  constant 
Fuselage  bending  moment,  in.  lb 
Diameter  of  fuselage,  in. 

Frame  spacing 


Based  on  NACA  test  data,  a  value  of  Cf  =  6.25  x 
10“5  results  in  frame  stiffness  sufficient  to  give 
assurance  of  prevention  of  general  instability 
failures . 


In  general,  the  frames  are  critical  for  the  fuse¬ 
lage  stability  requirements.  The  wing  strake 
loads  are  critical  for  local  frame  structure 
below  the  cabin  floor. 


An  analysis  of  the  frame  at  Sta  2200  is  shown 
in  Fig.  4-50.  This  frame  supports  a  21-in. 
section  of  the  strake.  The  conditions  of  maxi¬ 
mum  strake  up-load  and  maximum  strake  down¬ 
load  are  analyzed.  Fuselage  crushing  loads  are 
superimposed.  The  critical  up-load  is  vertical 
gust  at  Mach  =  0.90  and  380  kips  gross  weight. 
The  critical  down-load  is  takeoff  taxi,  n  =  2 
factors  limit. 
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SECTION  A  -  A 


CRITICAL  CON01TIOM  I  3.0  FACTOR 

INTERNAL  PR  ESSOREj  33.36  RSJ. 

DOE  TO  THE  300®  TEMPERATURE, 
THE  INTERLAYER  \S  A^OMEO 
To  HAVE  NO  SHEAR  CAPA¬ 
BILITY  AND  EACH  GLASS 

pane  is  assumed  to  act 

INDEPENDENTLY  AND  CARRY* 

I.S  factor  pressure  . 


KAy  AT  SECTION  a-  a  *  4 10 

4b*  36,4oo  PS  l. 

Fb*  40,000  PS  I. 

M.S.  =  40/36.4  -  \  m  O.J-» - 


Fiqur •  4-48.  Crew  Compartment  Window  Analysis 
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Figure  4-49.  Nos*  Rodom*  Analysis 
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4.4  EMPENNAGE  STRESS  ANALYSIS 

4.4.1  Horizontal  Stabilizer 

Detail  structural  diagram  and  descriptions  are 
shown  in  Par.  3.4. 

4.4. 1.1  Analysis  Methods 

The  primary  structure  is  analyzed  as  a  two-cell 
box  with  skin  stiffener  covers  similar  to  those 
used  on  the  wing  box.  Skin-to-stiffener  area 
ratios  are  higher  than  in  the  wing  to  obtain  addi¬ 
tional  torsional  stiffness.  Higher  than  normal 
tension  margins  of  safety  are  obtained  because 
of  the  added  skin  area.  The  higher  skin  area  is 
greater  than  optimum  for  a  normal  fail-safe  de¬ 
sign  on  higher  tension  stressed  structure.  This 
is  more  than  offset  by  the  resultant  lower  stress 
levels  that  also  produce  a  long-life  fatigue  de¬ 
sign.  Fail  safety  is  also  provided  by  limiting 
the  skin  panel  width. 

The  all -movable  tip  elevons  are  analyzed  as  a 
multispar  structure  with  nonbuckling  titanium 
sheet  covers.  The  corrugated  web  spars  stabi¬ 
lize  the  covers  and  carry  the  shear.  The  elevon 
is  connected  to  the  aft  face  of  the  rear  spar  of 
the  horizontal  stabilizer  by  means  of  two  multi¬ 
piece  fail-safe  hinge  fittings  mounted  on  stream- 
wise  ribs.  The  trailing  edge ,  leading  edge,  and 
tip  region  are  analyzed  in  a  conventional  manner 
similar  to  sandwich  construction  on  the  fin  as 
described  in  Par.  4.4. 2.4. 

4.4. 1.2  Design  Loads 

Shear  moment  and  torsion  curves  for  the  stabi¬ 
lizer  design  maximum  up-  and  down-bending 
flight  conditions  are  shown  in  Fig.  4-51.  The 
inboard  sections  are  critical  in  down-bending  for 
a  subsonic  maneuver  condition.  Local  regions 
are  critical  for  the  wing  interconnect  and  jack¬ 
ing  loads;  and  engine,  elevon,  and  actuator 
attachments.  Lower  surface  areas  near  the 
engine  inlet  are  designed  by  local  pressures 
occurring  during  engine  external  compression 
and  buzz.  The  forward  spar  is  generally 
critical  for  thrust  inertia  factors  on  fuel  for 
crash-landing  conditions.  Other  spars  are 
critical  for  primary-bending  conditions  and 
local  attachment  loads. 

Control  surface  loads  and  actuator  and  hinge 
reactions  are  shown  in  Fig.  4-52. 

4.4. 1.3  Allowables 

Because  of  the  similarity  of  the  stabilizer  and 
v/ing  construction,  the  wing  allowables  presented 


in  Par.  4.2.3  are  applicable  to  the  stabilizer 
with  modification  for  the  different  skin-to- 
stiffener  ratios. 

4.4. 1.4  Analysis 

The  stress  analysis  is  the  same  as  that  de¬ 
scribed  for  the  wing,  Par.  4.2.4.  Analyses  of 
typical  cover  panels  ribs,  engine  support,  wing 
interconnect,  and  outboard  elevon  structures 
are  presented  in  Figs.  4-53,  4-54,  and  4-55. 

4.4.2  Fin 

Detail  structure  arrangements  and  discussions 
are  presented  in  Par.  3.4. 

4. 4. 2.1  Analysis  Methods 

The  primary  box  utilizes  multispar  construction 
and  skin-stringer  panels  that  are  analyzed  as 
conventional  box  beams.  This  analysis  is 
applicable  everywhere  except  locally  at  the  back¬ 
up  structure  for  the  rudder  actuator  system, 
where  integrally  machined  skins  and  ribs  are 
used  in  the  aft  bay.  The  location  of  the  actuator 
pack  allows  the  complete  fin  box  above  the  actu¬ 
ator  and  forward  of  the  hinge  line  to  be  used 
effectively  in  providing  torsional  stiffness. 
Intercostal s  located  along  the  30  percent  chord 
line  carry  leading-edge  panel  loads  to  the  ribs. 
Shear  from  the  lower  forward  leading  edge  is 
collected  by  the  rib  located  along  the  top  of  the 
high-frequency  gap  antenna,  and  then  transmit¬ 
ted  to  the  top  of  the  body  through  three  pin 
joints  mounted  on  stub  ribs  extending  from  the 
top  of  the  body. 

4. 4. 2. 2  Design  Loads 

The  fin  structure  is  generally  critical  for  the 
transonic  maneuver  conditions  combined  with 
descent  thermal  gradients.  The  critical 
shear  moments  and  torsions  are  shown  in 
Figs.  4-56  and  4-57. 

4. 4.  2. 3  Design  allowables 
The  construction  of  the  fin  is  similar  to  the 
wing.  The  allowables  given  in  Pars.  4.2.3  and 

4.3.3  are  used  for  the  fin. 

4.4.  2.4  Analysis 

The  criteria  and  analysis  methods  are  similar  to 
those  presented  in  Par.  4. 2.  Redundant  analysis 
of  the  composite  fin-body  structure  was  done  to 
determine  overall  load  distribution.  Convention¬ 
al  box-bending  analysis  of  a  typical  fin  section  is 
shown  in  Fig.  4-58,  Leading-edge  sections  and 
internal  rib  analyses  are  shown  in  Fig.  4-59. 

The  empennage  body  juncture  analysis  is  pre¬ 
sented  in  Fig.  4-60. 
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Figure  4-55 ■  Elevon  Stress  Analysis 
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4.4.3  Rudder 

Structural  diagrams  and  discussion  of  the  rudder 
are  shown  In  Par.  3.4. 

4. 4. 3.1  Structural  Analysis 
The  rudder  consists  of  two  sections,  the  lower 
section  driving  the  upper  by  means  of  fail-safe 
connection.  This  separation  reduces  the  induced 
loads  when  the  rudder  is  rotated  with  a  deflected 
fin  and  also  reduces  the  power  required  to  drive 
the  rudder.  The  honeycomb-sandwich  panel 
covers  on  the  rudder  box  provide  high  torsional 
stiffness  and  minimum  gage  structure  that  gives 
a  low  rudder  mass  moment  of  inertia.  The  upper 
rudder  section  Is  supported  by  two  hinges  so 
arranged  that  no  load  is  induced  by  fin  bending. 


The  hinges  on  the  lower  rudder  section  are  de¬ 
signed  for  air  loads  combined  with  deflection- 
induced  loads.  All  hinges  and  rudder  structure 
are  designed  with  multiload  paths  to  provide  fail  - 
safety. 

4. 4. 3. 2  Design  Loads 

The  rudder  is  designed  for  the  transonic  rudder- 
kick-condition  loads  as  shown  in  Fig.  4-61. 
Actuator  and  hinge  reactions  are  shown  in 
Fig.  4-62. 

4. 4. 3.3  Analysis 

Stress  analysis  is  presented  for  typical  rudder 
sandwich  surfaces  and  support  structure  in 
Fig.  4-61. 


DISTANCE  FROM  TOP  OF  BODY,  IN 


Figurt  4-56-  Ultimate  Fin  Loads,  Yaw  Initiation  Condition 
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Figure  4-57.  Ultimate  Fin  Loads,  Dynamic  Overyaw  Condition 
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RUDDER  CONTROL  SYSTEM  LOADS 
(UPPER  &  LOWER  RUDDER) 


TYPICAL  ACTUATOR  LOADS  &  HINGE  REACTIONS 
(3  ACTUATORS  &  6  HINGES) 


CONDITION 

SUBSONIC 

YAW  INITIATION 

M  =  .90 

Ve  =  350 

TRANSONIC 

YAW  INITIATION 

M  =  1.2 

1  R 

DEGREES 

-15 

-8 

lR  (UPPER) 

KIPS  ULT. 

28.8 

— 

CR  (UPPER) 

INCHES 

30 

_ 

LR  (LOWER) 

KIPS  ULT. 

63.4 

Cp  '  nwER) 

DEGREES 

45 

HINGE  MOMENT 

IN-KIP  ULT. 

3,715 

7,000  ^>1 

PA  LOAD 'ACT 

KIPS  ULT. 

98.2 

181.2 

RX  LOAD/HINGE 

'MAX)  KIPS  ULT. 

24.3 

47.0 

ry  LOAD  HINGE 

(MAX)  KIPS  ULT. 

145.0 

268.0 

ULTIMATE  HINGE  MOMENT  LIMITED  TO  7,000  IN-KIPS.  HIGHER  MOMENTS 
WILL  RESULT  IN  S  RELIEF  VALVE  OPENING,  AND  THE  ACTUATOR  WILL 
BLOW  BACK  UNTIL  A  MOMENT  OF  7,000  IN-KIPS  IS  REACHED. 


1 

I 

Figure  4-62.  Rudder  Actuator  and  Hinge  Load * 
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4.  5  LANDING  GEAR  STRESS  ANALYSIS 

4. 5. 1  Landing  Gear  Analysis 
Stress  analysis  and  loads  are  presented  for  the 
main  and  nose  landing  gear.  Typical  component 
section  analyses  are  presented  to  show  cross- 
section  sizes  and  design  approaches. 

A  complete  landing  gear  arrangement  and  design 
discussion  is  presented  in  Par.  3.6.  The  B-2707 
utilizes  a  conventional  dual-wheel  nose  gear  and 
four  truck-type  main  gears,  each  similar  to 
existing  707  and  720  gears.  The  forward  and 
outboard  main  gears  are  supported  from  the 
front  spar  of  the  wing  pivot  box  and  the  aft  in¬ 
board  main  gears  from  the  rear  spar  to  provide 
a  short  load  path  to  existing  rigid  structure. 

The  aft  main  gear  on  one  side  of  the  airplane  is 
hydraulically  connected  to  the  forward  main  gear 
on  the  same  side,  resulting  in  equal  vertical 
loads  on  these  two  gears.  This  hydraulic  mani¬ 
fold  has  a  6-in.  travel.  Because  the  manifold  is 
stroke  limited,  loss  of  manifold  pressure  results 
only  in  the  two  main  gears  on  that  side  compres¬ 
sing  6  in.  in  length  and  ’  ling  conventional 
gears.  Besides  the  obviou-  fail-safe  and  flota¬ 
tion  advantages,  this  gear  arrangement  will  im¬ 
prove  passenger  ride  and  reduce  fatigue  damage 
caused  by  taxiing  over  uneven  pavement. 

Analysis  methods  developed  for  the  747,  which 
has  a  similar  landing  gear  configuration,  were 
used  for  the  B-2707.  The  main-gear  shock  strut 
strokes  have  been  selected  for  improved  struc¬ 
tural  efficiency.  Landing  impact  loads  are  pri¬ 
marily  reacted  on  the  40-in.  stroke  aft  main 
gears,  which  extend  below  the  shorter-stroke 
forward  main  gears  at  normal  touchdown.  The 
forward  main  gears  have  the  capability  of  ab¬ 
sorbing  the  landing  impact  of  a  6  ft/sec  descent 
velocity  emergency  landing  without  the  use  of 
rear  main  gears. 

Drop  tests  will  demonstrate  the  energy-absorb¬ 
ing  capabilities  and  substantiate  the  landing  load 
factors.  Static  and  fatigue  tests  of  the  complete 
gear  will  verify  structural  integrity.  Photostress 
testing  on  full-size  plastic  models  will  be  used 
during  the  design  phase  to  define  and  eliminate 
areas  of  high  stress  and  to  optimize  weight.  A 
complete  description  of  the  landing  gear  test  pro¬ 
gram  is  in  V2-B2707-9. 


4. 5. 2  Design  Ultimate  Ground  Loads 

The  design  ultimate  ground  loads  are  calculated 
according  to  the  criteria  of  V2-B2707-7. 

Most  of  the  primary  nose-gear  structure  is  de¬ 
signed  by  landing  loads.  The  axles  are  critical 
for  the  nose-gear  yaw  conditions  and  the  drag 
brace  for  forward  towing. 

The  aft  main-gear  axles,  truck  beam,  side  strut, 
and  part  of  the  inner  and  outer  cylinders  are  de¬ 
signed  by  ground  turn.  Parts  of  the  inner  cylin¬ 
der  and  the  drag  brace  are  critical  for  landing 
loads.  The  outer  cylinder  is  partially  designed 
by  the  pivoting  condition. 

The  forward  main  gear  components  are  critical 
for  the  same  conditions  as  the  aft  main  gear  ex¬ 
cept  for  the  drag  brace  and  inner  cylinder,  which 
are  designed  by  braked  roll  and  ground  turn. 
Because  of  its  short  stroke  and  relative  position, 
the  forward  main  gear  is  not  critical  for  landing 
conditions. 

General  arrangement  diagrams  for  the  nose, 
aft,  and  forward  main  gears  are  shown  in 
Figs.  4-63,  4-64,  and  4-65.  The  critical  design 
ultimate  lo^e  -md  internal  reactions  are  shown 
in  Tables  4 4-F,  and  4-G. 

4. 5. 3  Material  and  Allowable  Stress 

The  landing  gear  is  designed  primarily  of  4340M 
vacuum  arc  remelted  steel,  which  is  procured  to 
an  exacting  Boeing  material  specification,  and 
heat  treated  to  270  ksi.  Titanium  will  be  used 
in  some  locations.  This  material  is  selected 
because  of  its  excellent  strength  and  fracture 
toughness  (Phase  HI  document  V2-B2707-8). 
Allowable  design  stresses  are  according  to 
Ref.  7. 

4. 5. 4  Nose  Landing  Gear 

The  nose  landing  gear  analysis  is  presented  in 
Fig.  4-66. 

4. 5. 5  Aft  Main  Landing  Gear  Analysis 

The  aft  main  landing  gear  analysis  is  presented 
in  Fig.  4-67. 

4. 5. 6  Forward  Main  Landing  Gear 

The  forward  main  landing  gear  analysis  is  pre¬ 
sented  in  Fig.  4-68, 
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figure  4-65-  Forward-Main-Landing-Gear  General  Arrangement 
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4.0  PROPULSION  POD  STRESS  ANALYSIS 


4.0.1  Structural  Description 
The  four  propulsion  pods  are  suspended  from  the 
lower  surface  of  iho  horizontal  stabilizer.  Each 
engine  pod  Is  attached  to  the  stabilizer  support 
structure  by  a  three-point  suspension  system, 
two  points  at  the  forward  engine-mounting  posi¬ 
tion  and  a  single  point  nt  the  rear  mount.  The 
threo-polnt  suspension  Is  very  similar  to  sub¬ 
sonic  Jet-mounting  Installations.  The  General 
Electric  Company  engine  has  a  fourth  attachment 
point  on  the  forward  engine-mount  structure  to 
carry  engine  thrust  loads  to  the  support  struc¬ 
ture.  The  forward  mount  structure,  operating 
in  an  estimated  thermal  environment  of  550°  F, 

Is  fabricated  from  17-4PH  stainless  steel  forg¬ 
ings.  The  aft  mount  structure  operates  in  a 
higher  thermal  environment  and  Is  fabricated 
from  forgings  of  Rene*  41  heat-treated  to 
170,000  psi.  The  Rene'  41  may  be  replaced 
with  Inconel  718.  Radiol  expansion  of  the  engine 
Is  accommodated  at  both  mounts  by  linkage  be¬ 
tween  the  engine  and  the  mounting  structure. 
Axial  expansion  is  accommodated  by  the  two 
hinges  In  the  aft  mount  structure. 

The  mount  fasteners  are  designed  to  shear  and 
allow  clean  separation  of  the  propulsion  package 
from  the  airplane  without  damaging  fuel  cells  In 
the  case  of: 

•  Extreme  engine  deceleration  because  of 
internal  engine  damage. 

t  Ditching. 

•  Extreme  drag  forces  caused  by  contacting  an 
obstruction. 

The  variable-geometry  engine  inlet,  fabricated 
of  6A1-4V  annealed  titanium,  is  mounted  forward 
of  and  supported  by  the  forward  engine  flange. 
Tension  support  Is  provided  by  four  pairs  of 
attaching  bolts  between  the  inlet  aft  frame  and 
the  forward  engine  flange.  Shear  loads  are 
transferred  to  the  engine  by  a  conical  flange  that 
is  an  integral  part  of  the  forward  engine  flange. 
The  titanium  inlet  cowling  consists  of  circumfer¬ 
ential  frames  supporting  the  inner  and  outer 
skins  with  longitudinal  members  utilized  to  re¬ 
inforce  the  cutout  for  bypass  and  access  doors. 
The  cowling  leading-edge  assembly  incorporates 
chem-milled  stiffening  to  resist  hailstone  dam¬ 
age.  Allowances  are  provided  for  anti-icing  air 
orifices  on  the  cowling  lip.  The  inlet  centerbody 


consists  of  a  center  structural  tube  which  Is 
cantilevered  from  four  supporting  »itrutB  mounted 
within  the  aft  part  of  the  Inlet  cowling.  Tho 
structural  tube  supports  the  centerbody  spike, 
the  centerbody  actuator,  and  the  movable  seg¬ 
ments  which  form  the  variable  centerbody  con¬ 
tours. 

The  engine  side  cowl  panels,  made  In  three  re¬ 
movable  sections,  are  fabricated  of  circumfer¬ 
entially  stiffened  sheet  construction  in  6A1-4V 
.nnealed  titanium  where  temperatures  are  less 
than  000  F.  Similar  construction  of  stainless 
steel  or  Hastalloy  X  material  Is  used  In  the  uft 
cowl  portions  exposed  to  a  higher  temperature 
environment,  as  shown  In  Part  C,  Design  Cri¬ 
teria,  Loads,  Aerodynamic  Heating,  Flutter 
(V2-B2707-7)  of  the  Airframe  Design  Report. 

The  stiffening  rings  or  corrugations  are  fastened 
to  the  skin  with  bonding  and  riveting.  The  flush- 
type  latches,  mounted  at  the  ends  of  circumfer¬ 
ential  frames,  are  of  similar  design  to  the 
latches  In  current  use  on  Boeing  720  airplanes. 

4.6.2  Engine  Mount  Loads 

Engine  mourning  reactions  are  shown  in 
Table  4-H  for  the  GE  engine  and  in  Table  4-1 
for  the  P&WA  engine  for  all  conditions  defined 
in  V2-B2707-7. 

4.6.3  Engine  Mount  Analysis 

Analysis  is  shown  for  the  critical  load  conditions 
for  the  forward  and  aft  mounts  for  both  GE  and 
P&WA  engines  in  Figs.  4-69  through  4-72. 


4.6.4  Inlet  Loads 

Critical  design  pressures  in  the  inlet  are  shown 
in  Table  4-J.  Normal  operating  pressures  are 
multiplied  by  a  factor  of  2. 5  to  obtain  ultimate 
design  pressures.  A  factor  of  2.0  is  used  for 
cruise  unstart  conditions.  A  factor  of  1.  5  is 
used  for  abnormal  conditions  of  upset  or  incor¬ 
rect  bypass  door  positioning.  The  inlet  compo¬ 
nents  critical  for  each  condition  are  identified  in 
the  table.  Most  components  are  critical  for  the 
high  internal  pressures  occurring  in  an  upset 
condition  (Mach  =  2. 9).  The  forward  inlet  cowl¬ 
ing  and  aft  pressure  baffle  are  critical  for  lower 
than  atmospheric  pressures  in  the  inlet  during 
ground  operation.  Normal  operation  at  near  idle 
power  with  the  takeoff  bypass  doors  closed  is 
generally  the  critical  ground  condition.  Abnor¬ 
mal  ground  operation,  at  full  takeoff  power  with 
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Ttklt  4-H.  Engine  Mount  Reaction*  (CE) 


Cood. 

No. 

Condition 

V1 

T1 

V2 

S2 

V3 

S3 

V4 

S4 

1 

Landing 

6.0V 

0 

0 

13.3 

6.6 

+  18. i 

-6.6 

50.5 

0 

2 

Landing 

-4.0V 

0 

0 

-12.2 

-4.4 

-12.2 

4.4 

-33.7 

0 

3 

Supersonic  Maneuver 

6.0V  +  1.5  Tm 

51.5 

39.3 

-11.1 

-4.2 

-11.1 

4.2 

57.8 

0 

4 

Supersonic  Maneuver 

-4.0V  +  1.5  Tm 

51.5 

89.3 

-41.6 

-15.2 

-41.6 

15.2 

26.4 

0 

5 

Fatigue 

3.0V  +  3.0  Tm 

103.0 

178.5 

-49.7 

-18.2 

-49.7 

18.2 

39.9 

0 

6 

Fatigue 

3. 0  Tm 

103.0 

178.5 

-58.8 

-21.5 

-58.8 

21.5 

14.6 

0 

7 

Maneuver 

2.5S 

0 

0 

-23.9 

-8.7 

23.9 

-6.2 

0 

-21.  1 

8 

Maneuver 

-2.5S 

0 

0 

23.9 

8.  7 

-23.9 

6.2 

0 

21.  1 

9 

Gyroscopic 

1.5  V  +  1.5  Tm  +  My 

51.5 

89.3 

-20.2 

-7.4 

-29.4 

24.7 

20.0 

-17.3 

10 

Gyroscopic 

1.5  V  +  1.5  Tm  -  My 

51.5 

89.3 

-29.4 

-10.8 

-20.2 

-6.5 

20.0 

17.3 

11 

Gyroscopic 

3.75  V  +  1.6  Tm  +Mp 

51.5 

89.3 

-29.5 

-10.9 

-29.5 

10.9 

61.9 

0 

12 

Gyroscopic 

3.75  V  +  1.5  Tm  -Mp 

51.5 

89.3 

-6.5 

-2.5 

-6.5 

2.5 

15.9 

0 

13 

Supersonic  Maneuver 

1.5  Tm  +  Aero  (s) 

51.5 

89.3 

-52.3 

-19. 1 

-6.5 

-4.7 

7.3 

-5.9 

14 

Supersonic  Maneuver 

1. 5  Tm  -  Aero  (s) 

51.5 

89*  o 

-6.5 

-2.5 

-52.3 

26.3 

7.3 

5.9 

15 

Transonic  Maneuver 

1. 5  Tm  +  Aero  (T) 

51.5 

89.3 

-  59.  5 

-21.7 

0.7 

-20.2 

7.3 

7.8 

16 

Transonic  Maneuver 

1.5  Tm  -  Aero  (T) 

51.5 

89.3 

0.7 

0. 1 

-59.5 

41.8 

7.3 

-7.8 

17 

Wheels-up  Landing 

9.0D 

75.3 

130.5 

-51.7 

-18.8 

-51.7 

-18.8 

28.  1 

0 

18 

Pitching 

-6. 0D 

-50.2 

-87.0 

34.5 

12.5 

34.5 

-12.5 

-18.7 

0 

19 

Reverse  Thrust 

3.0  V  +  3.0  Tr 

-40.0 

-69.3 

32. 1 

11.7 

32. 1 

-ft. ) 

19.6 

0 

20 

Engine  Seizure 

Mr 

0 

0 

-74.8 

-27.3 

74.8 

27.3 

0 

0 

V  =  weight  of  propulsion  pod  acting  vertically  All  loads  are  in  kips 

D  =  weight  of  propulsion  pod  acting  forward  All  loads  are  ultimate 

S  =  weight  of  propulsion  pod  acting  laterally  Force  directions  shown  as  positive 

Tm  =  maximum  engine  thrust 
Tr  =  maximum  engine  reverse  thrust 
Aero  (s)  =  total  aerodynamic  load  acting  on 
propulsion  pod  (Supersonic) 

Aero  (T)  =  total  aerodynamic  load  acting  on 
propulsion  pod  (Transonic) 

My  =  gyroscopic  yawing  moment 
Mp  =  gyroscopic  pitching  moment 
Mr  =  engine  rolling  moment  induced  by  stop¬ 
page  of  critical  rotating  mass  in  .  3  sec. 
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II 
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7 obit  4-1.  Englno  Mount  Rooetlon  (Pi WA) 


V  =  weight  of  propulsion  pod  acting  vertically  All  loads  are  in  kips 

D  =  weight  of  propulsion  pod  acting  forward  All  loads  are  ultimate 

S  =  weight  of  propulsion  pod  acting  laterally  Force  directions  shown  as  positive 

Tm  =  maximum  engine  thrust 
Tr  =  maximum  engine  reverse  thrust 
Aero  (s)  =  total  aerodynamic  load  acting  on 
propulsion  pod  (Supersonic) 

Aero  (T)  =  total  aerodynamic  load  acting  on 
propulsion  pod  (Transonic) 

My  =  gyroscopic  yawing  moment 
Mp  =  gyroscopic  pitching  moment 
Mr  =  engine  rolling  moment  induced  by  stop¬ 
page  of  critical  rotating  mass  in  .  3  sec. 
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Figure  4-89 •  Forward  Enqtn*  Mount  Analytit  (GE) 
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AFT  ENGINE  MOUNT  (G.F.I 


COND  NO. 

CONDITION 

V4 

S« 

ENGINE 
CASE  TEMP 

9 

GYROSCOPIC 

20.0 

-17.3 

1,200°  F 

10 

GYROSCOPIC 

20.0 

♦  17.3 

1,200°  F 

14 

GRYOSCOPIC 

61.9 

0 

1,200°  F 
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AFT  ENGINE  MOUNT  (PM) 


COND  NO. 

CONDITION 
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ENGINE  CASE 
TEMP 
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FORWARD  ENGINE  ANALYSIS 
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Figure  4-J2.  Forward  Engino  Mount  Analysis  (P&WA) 
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To U*  4-J  Inlti  Design  Prttivrti 


<L  ~ 


INLET  OPERATING  PRESSURES,  PSI 


A/P 

Mach. 

Alt. 

Condition 

C'  Body 
Radius 

PAMB 

PLOC 

PT 

PA 

PB 

pc 

PD 

PE 

PF 

PG 

2.9 

52,000 

a.  InLt  External 
Compression 

23.  46 

1,53 

1.53 

46.3 

2.85 

3.46 

2.85 

7.48 

7.06 

15.1 

10.8 

2.9 

52,000 

b.  Ext. Compres¬ 
sion 

14.50 

1.53 

1.53 

46. 3 

"Or 

2.85 

2JT.2" 

2o.i 

19.7 

19,5 

19.7 

0.0 

S.  L. 

c.  Sub-sonic  Drs. 
Closed 

“25746“ 

14.7 

14.7 

14.7 

14.7 

TOT 

it.  32 

11.26 

9.71 

"1777T 

9.64 

0.0 

S.  L. 

d.  Sub-Sonic  Drs. 
Closed 

14.50 

14.7 

14.7 

14.? 

14.7 

8.70 

"OT 

8.70 

9.47 

16.83 

ll.  05 

INLET  OPERATING  PRESSURES,  PSI  (Con' t) 


A  'P 

Mach 

Alt. 

Condition 

C’  Body 

Radius 

PH 

PI 

PJ 

PK 

PL 

PC1 

PC2 

PC3 

PS1 

PS2 

2.9 

52,000 

a.  Int-I;  External 
Compression 

23.46 

14.5 

11.6 

30.8 

31.8 

33.6 

8. 13 

6.2 

16.6 

14.2 

13.2 

2.9 

52,000 

b.  Ext.  Compres¬ 
sion 

14.50 

19.9 

21.  t 

23.6 

l6.? 

16.7 

16.7 

11.4 

16.3 

0.0 

S.L. 

c.  9ub-Sonic  Dr6. 
Closed 

23.46 

9.7 

1673 

8.90 

11.91 

11.70 

11.70 

8.70 

8.70 

0.0 

S.L. 

d.  Sub-Sonic  Drs. 
Closed _ 

14.50 

11.12 

11.4 

9.90 

12.07 

12.80 

12.80 

9.47 

9.47 

Cond.  a.  Designs  Centerbody  Wedge  Beams,  Support  Struts 

Cond.  b.  Designs  Nose  Cone,  Actuator,  Actuator  Linkage 

Cond.  c.  Designs  Inlet  Cowl,  Aft  Pressure  Baffle 

Cond.  d.  Designs  Inlet  Cowl,  Aft  Pressure  Baffle 

Design  Pressure  Factors: 

1.5  Factor  on  Conditions  a.,  b.  and  d. 

2.5  Factor  on  Condition  c. 


All  inlet  stress  analyses  are  baaed  on  the  GE  engine.  Inlet  stress  analyses  for  the  P&W  engine  would 
be  similar  and  give  results  which  are  very  close  to  those  indicated  for  the  GE  engine. 
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the  normally  open  doors  inadvertently  closed, 
was  also  checked  and  is  slightly  more  critical 
than  the  normal  condition  on  some  components. 
Normal  takeoff  and  flight  conditions  and  cruise 
unstart  and  buzz  conditions  were  investigated  and 
found  to  be  less  critical  than  those  shown. 

TNLET  CENTER boOY 


OUTER,  CENTER  WEI*e/ANAIYS1S 

0ESi4,K)  Condition): 

cokid  t-nok>  1  - 
Z.^  ,  IMTERnML- 
EXT£H.NAl  PRESSURE 

CREF.  TA»V.fc4-\0 


Londs: 


227  LBS  IN 


El*  l.sC\©2ft  -2.130 
R*=  |.sC3oS<.}  =4584 
P  =  I.S“(  I8S}  *  Z1S  I ^ 


GEOMETRY: 


Inlet  mount  loads  are  shown  in  Table  4-K  for  all 
conditions  defined  in  V2-B2707-7. 

4.6.5  Inlet  Analysis 

Analysis  is  shown  for  the  critical  load  conditions 
on  the  inlet  centerbody  and  the  inlet  cowl  in 
Figs.  4-73  through  4-77. 

Section)  Propertied 

<3fe  A  A 

A*-  i.So  in1 

I  --  .11  is)*4 

materials  ^  allowables 

CpLdTVTKNVW 

CT,~  Co  AL-  HNJ,  Conio  1^ 

Qz)  at  5-00°  F 

"  88000  psv 

F^  =  soooo  Psi 

STRESSED  ^  MARSIKJ  OF  SAFETY 

THE.  CR\t\CAL  section) 
IS  A- A,  THE.  Po\k>t 
Oi=  THE  MAXIMOV 

Beam  moment. 
MA-A  =  I  .S'  (zz+oo') 

—  Sffioo 

f  _  _P  +  Me 

T  “  A"  ~  X 


AT  X  21.2 


At  Point  '  g> " 

+  =  802.SO  PS> 

AT  P»o»>OT  "  C" 
f  =  8^,310  PSl 


4-73-  Inlat  Gtntarbody  Wtdgs  Analysis 
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Tabl*  4-K.  Inlot  Mount  Roactlons 


V  =  Wt.  of  inlet  acting  vertically  downward 
D  «  Wt.  of  inlet  acting  forward 
S  =  Wt.  of  Inlet  acting  laterally 

Aero  (s)  -  total  aerodynamic  load  acting 
on  inlet  (Supersonic) 

Aero  (T)  =  total  aerodynamic  load  acting 
on  inlet  (Transonic) 

Tq  =  inlet  internal  pressure  net  thrust  load 
at  M  =  2*  90 

Ts-u  =  inlet  internal  pressure  net  thrust 
load  at  M  =2,70  (normal  oper. )  or 
at  M  =  2.35  (normal  oper. );  whichever 
is  greater 

Tu-u  inlet  internal  pressure  net  thrust 
load  at  M  =  2. 70  or  M  =  2. 35 
(unstart-up);  whichever  is  greater 
Tt  =  inlet  internal  pressure  net  thrust 
load  at  M  =  1.40 


Cond. 

No. 

Condition 

IV 

IS 

R1 

’ 

R2 

R3 

~  -  -H 

R4 

R5 

R6 

*7 

1 

Landing 

6.0V 

13.1 

0 

3.6 

4.5 

4.5 

3.6 

-3.6 

-4.5 

-4.5 

-3.6 

2 

Landing 

-4.0  V 

-8.7 

0 

-2.4 

-3.0 

-3.0 

-2.4 

2.4 

3.0 

3.0 

2.4 

3 

S' sonic  Maneuver 

6.0V  1.5Td 

13.1 

0 

11.3 

12.3 

12.3 

11.3 

4.2 

3.3 

3.3 

4.2 

4 

S' sonic  Maneuver 

-4.0V  +  1.5Td 

-8.7 

0 

5.4 

4.8 

4.8 

5.4 

10.1 

10.7 

10.7 

10.1 

5 

S' sonic  Maneuver 

3.75V  ♦  2.5Ts-u 

8.2 

0 

10.2 

10.7 

10.7 

10.2 

5.7 

5.1 

5.1 

o.  7 

6 

S’ sonic  Maneuver 

3.75V  +  2.  OTs-u 

8.2 

0 

4.3 

4.9 

4.9 

4.3 

-0.1 

-0.7 

-0.7 

-0.1 

7 

Maneuver 

2.5S 

0 

5.5 

1.9 

1.5 

-1.5 

-1.9 

-1.9 

-1.5 

1.5 

1.9 

8 

Maneuver 

-2.5S 

0 

-5.5 

-1.9 

-1.5 

1.5 

1.9 

1.9 

1.5 

-1.5 

-1.9 

9 

Emergency  Landing 

9.0D 

0 

0 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

10 

Ditching 

-6.0D 

0 

0 

-1.6 

-1.6 

-1.6 

-1.6 

-1.6 

-1.6 

-1.6 

-1.6 

11 

S' sonic  Maneuver 

1.5Td+  Aero  (b) 

0 

13.9 

15.4 

13.8 

1.3 

-.3 

-.3 

1.3 

13.8 

15.4 

12 

S' sonic  Maneuver 

1.5Tq-  Aero  (s) 

0 

-13.9 

-.3 

1.3 

13.8 

15.4 

15.4 

13.8 

1.3 

-.3 

13 

Transonic  Maneuver 

1.5Tt  ♦  Aero  (T) 

0 

23.0 

13.6 

10.7 

-10.9 

-13.8 

-13.8 

-10.9 

10.7 

13.6 

14 

Transonic  Maneuver 

1.5Tt  -  Aero  (T) 

0 

-23.0 

-13.8 

-10.9 

10.7 

13.6 

13.6 

10.7 

-10.9 

-13.8 

Cond. 

No. 

Condition 

IV 

IS 

R1 

R2 

R3 

— 

R4 

R- 

0 

R6 

R8 

i 

Landing 

6.0V 

16.7 

0 

4.3 

5.3 

5.3 

4.3 

-4.3 

-5.3 

-5.3 

-4.3 

2 

Landing 

-4.0  V 

-10.5 

0 

-2.9 

-3.5 

-3.5 

-2.9 

2.9 

3.5 

3.5 

2.9 

3 

S' sonic  Maneuver 

6.0V  -  1,5Td 

13.7 

0 

14.4 

15.3 

15.3 

14.4 

57* 

4.  - 

4.8 

5.8 

4 

S' sonic  Maneuver 

-4.0V  ♦  1.5TD 

-10.5 

0 

7.2 

6.6 

6.6 

7  •> 

12.9 

13.6 

13.6 

12.9 

5 

S' sonic  Maneuver 

3.75V  *  2.5Tg-u 

9.8 

0 

12.9 

13.5 

13.5 

12.9 

i  .  3 

7.0 

7.0 

775 

6 

S' sonic  Maneuver 

3.75V  *  2,  OTo.m 

9.8 

O 

5.4 

6.0 

6.0 

5.4 

0.1 

-0.5 

-0.5 

0.1 

i 

Maneuver 

2.5S 

0 

6.6 

2.2 

1.8 

-1.8 

-2.2 

-2.2 

-1.8 

1.8 

2.2 

8 

Maneuver 

-2.5S 

0 

,-6.6 

-2.2 

-1.8 

1.8 

2.2 

2.2 

1.8 

-1.8 

-2.2 

9 

Emergency  Landing 

9.0D 

0 

0 

2.9 

2.9 

2.9 

2.9 

2.9 

2.9 

2.9 

2.9 

10 

Ditching 

-6.0D 

0 

0 

-2.0 

-2.0 

-2.0 

-2.0 

-2.0 

2.0 

-2.0 

-2.0 

11 

S'sonlc  Maneuver 

1.5Td  +  Aero  (s) 

0 

15.5 

16.9 

15.7 

4.5 

3.3 

3.3 

4.5 

15.7 

16.9 

12 

S'sonic  Maneuver 

1.5Td  -  Aero  (s) 

o 

-15.5 

3.3 

4.5 

15.7 

16.9 

16.9 

15.7 

4.5 

3.3 

13 

Transonic  Maneuver 

1 . 5Tt  +  Aero  (T) 

0 

25.0 

15.2 

12.5 

-11.7 

-14.4 

-14.4 

-11.7 

12.5 

15.2 

14 

Transonic  Maneuver 

1«5T|  ■  Aero  (T) 

0 

-25.0 

-14.4 

-11.7 

12.5 

15.2 

15.2 

12.5 

-11.7 

-14.4 

V2-B2707-6-2 


rcrviiCTDv 


R  i  4.0  IN 


CENTER  SUPPORT  TUBE  a. 


I  i 


Hr 


Hn 


j  j 

STA  | 

STA  71  STA 

224.4 


STRUT  BEAM _ | 

FWD  CAP 
ENGINE  FACE 


CE.N)TEe  SUPPORT  'TO^^. 


Design  Comditiok); 

COKlD.  13  ~  Transonic 
Side.  lond  on)  the. 
Nose  coNie.C  R«.r 
3.1. a. |-l> 

Loads  : 


Td-  O  Ctwe  support  ToS6 
Does  Mot  react 
ANY  EXPUL.SVON) 
Lo  AOS  > 

■jo  —  Z  .Z  ps.  C U L_-rO 

Pc  -jo  A 

WHEAE  A-  9^3  - 

the  PeoNjecTeo  area 
or  tme  Most  cotoe. 

P*-  2.0  S O  l  We 


t=  .15  IN 


SECTION)  A- A. 

Materials  ( 

CA-'i  T  \  T  A  N)  I L)  M  N 

(T,  -fcAL-  MVj  CoMDl) 

®>  SOO*  F 

pto*  'OSOOoPSi 

Fee  ^  2<»ooo  PA* 

Stressed  4  margin  of  SAFETY 

Tut  CR'TvtAV-  SeCT*oM  is 
A  —  A.  ,TWC  POINT  or 
MAXIMUM  MOMENT 

Q.-A-  WSO  lb* 

Ma>=.  Zoso(ni-r)l') 

=•  183000  ito  lbs 


Smr  tTRi 


H80  P*L 


•  2  5*000  PSV 

M  S*  | sTdtS"  H  =  ■♦"•©‘f 


Figure  4-74.  Inlot  Qontotbody  Support-Tub •  Ano/yiii 
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TNLET  support  strot 

Oesn*K>  COK)0»TIOK): 

Como.  13  ."HM- 
SoMte  Rtoe  PRESSURE. 
OK)  TUB.  XkH-ET.  N 

CRCP.  P'R.  ) 


LOADS: 

STA 

180 


STA 

224.4 


9430  LBS 


Gt 


1267 

CENTER 

SUPPORT 


’J] 


9430  LBS , 


TUBE 


8130  LBS 

4 


23500  LBS 


- £  SUPPORT  STRUT - 


FWD  RING 


FW0 


8130  LBS 


€955  LBS 


L 


23500  LBS 

ENGINE  FACE- 
REACTIONS 


\ 


COWLING  LOADS 


M<p  ARC  Most  Cos)E 

^  L_o/kd( 

|A<pZoo  ikJ  \bs 

P-  1 4 57-  \bs 


STRESS  ANALYSIS 


CHECK  TWt  pVN/o.  P  ikJ4. 

ASSOt^t.  TWE  R(*)6) 

AS  TWt  FwO,  CAP 
OP  THE  STRUT  QCAM. 
TME  Moment  at 
THE  \SEAM  ^  WILL 
EE  REACTED  AS  A 
COOPlt  LOKD  VM  THE 
CA.P*  OP  THE  STtOT. 

am- 


M  FWD  CM*  'fr0^0  |fJ  ltS 

CM>  Lom>  =  =  Z2&0  'Li 


SECTION  A-A 

(0=  45°) 

a=  *n 

x=  *o7-  '°4' 

R: 


MATERIAL  4  allowables  • 

GPCiT  vTfcKHUM  . 

(  T|  -tAL-MU^CoHDl) 

Qb)  @  SOO0  F 

PTu-a-  ios  Vcsi 

^CXL=  l1!  KSi 


Figure  4-75-  Forward  Ring  Analysis  of  Inlot  Support  Strut 


TKJLE.T  SUPPO* T  ST*  01  fcwiD) 


*W*hP* 

K^P 

WUeRE 

^  Vs6 

Khj-  .Mime 
P  -  2,5 1 1  lbs 
R  *-  G.C.  ,'kJ. 


M  -  Z3TS  i  n/ -  lbs 
M  =  l  OBO 

l  =  d  4  &<- 
TA*  A  n  x 

G>5&oops» 


K\  s - 


mooo._im 

fcs?oo 


4- .  n_ 


Figure  4-7 


(Concluded) 
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INL.  STA. 


SKIN  EXTERNAL  PRESSURE,  BUCKLING  LOADS,  REF.  INLET  DESIGN  PRESSURES 


SKIN  AREA  NO. 

LOAD 

COND. 

PAMB 

PB 

PE 

PC1 

PC2 

LOAD 

FACTOR 

AP-ULT, 

1  INSIDE 

d. 

14.7 

8.7 

li 

9.0 

2  OUTSIDE 

c. 

14.7 

12.6 

2.5 

5.2 

2  INSIDE 

c. 

11.0 

13.0 

2.5 

5.0 

MATEKiAL  AND  ALLOWABLE'S 

Tl  -  6  AL  -  IV,  COND.  I,  A,  TEMP,  RIA. 
Fcy  ■  13i  KS i 
Ec  »  lb. 4  *  10*  KSI 
Fct„  =  f*.)1 

ii  ( i-  V)  \  l) 

.CCTiONJ  PROPERTIES 


SKIN  AREA 
NUMBER 

L 

T 

1 

ZL 

Ky 

pcr 

KSI 

INSIDE 

3.5 

31.2 

.040 

9.35 

5.2 

10.0 

OUTSIDE 

7.0 

32.5 

345 

32.5 

7.6 

4.7 

2  INSIDE 

7.0 

30.0 

040 

39.0 

8.0 

3.9 

2  INSIDE 

BLEED  AREA 

7.0 

30X1 

X45 

34.6 

7.2 

4.4 

FOR  .04*'  DIA.  BLEED  HOLES  AT  .30” 
SPACING 

t  ■  =  £ 

.30  x 


bTRfc  55  AND  M,S. 


Pall  =  FcCR-*£ii_ 
T 

M  S-  *  Pal^ 
iXff. 


% 


SKIN  AREA  NO. 

(PSD 

M.S. 

1  INSIDE 

12.8 

+  .42 

2  OUTSIDE 

6.5 

+  .25 

2  INSIDE 

5.2 

+  .04 

2  INSIDE  BLEED  AREA 

6.35 

+  .27 

Figura  4-76 ■  Inlot  Cowl  Analysis 
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2.  FRAME.  INL  STA  168.5 
VERTICAL 

_5_^  R 

d  2  A  e  ^ 


Pv  t 


«5  V  h  “ 


•4- 


TYP.  STRINGER 
AREA.  A  =.81  IN; 


INLET  COWL  SECTION  A-A 


•  t  =  .050  ' 


rn-r,  =  34.4  -  29.9  -  4.5 ' 


TYP  SECTION  B-B 


r  R  JPE.RTIES 

I A  -  A~  IN\ 

ill-,  i  en  ,n* 

Xr  --  JZ.l  s  ,4.3  y  10  ^ 

C  Z  25 

-=^3CL/fl/£D  BE am  effect,  negligible 


M/ATEC'^l  &  A  L  LQWA  fluE  S 
TI-6AL-4V  CONO  I  A  :  TEMP  z  500°F 

FTu  -  lOS.O  K  s  I 
rCy  *  94.3  KSl 
F5t/  :  61.5  KSl 
Ec  =.  14.3  A  ,0*  KSl 

WEB-.  .  w/  STiFFENCRS  AT  JT»UT 

5T  R  l  M6E  f?  A  .  £.  b,cfxf 


*VRT  -0o” 

FJC„  s  20.  5  K3I 
_S*_N;  OUTcfi 

*  -  1  *  '*$♦•♦)£!  '■  ’* 

!t;77’Rr  =  |*<'47 

F.rB:  KSTT4  E&  (t  \*  =  ff.Zs 


1  ^  0  ■  vefcJ  \fc 


;:m:  3  ce  1  ;  :  .  -  E  1  2  .e .  •, 

.  h  -  b,  : 

v-i  i».i  k  -.r ,  VI --  :  iv*k  sr 


.  *  la. I 


4  X  .707 


6.4  I'F: 


M„t=  ±  •  5r  pr  >  -2L  =  t  32.-  N-' 

'  iVl  4  » . 

5S..„  S  ♦  4 . 2 

M  J ;  .  i  .  4  lb  P  :  r  3.1  KIP: 

:  i  V-  J  A 


5TP£ SS  A  M.  5. 

"lA\GE,  5:1  B-B 


WEB 


X  i  ♦  -J _  l  ♦  ZO  KSl 

fvl.  5.  r  -i2_i  -  I  :  t  .  0  5  -« 


Figure  4-77.  Inlet  Cowl  Frame  and  Rig  Analysis 
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FRAME  INLET  STft.  168.5  CON'T 
STRESS  &  Mi..  SKIN 


27.1 

11.0 

21.2 

8.6 

15.2 

6.2 

2.6 

1.1 

-11.4 

-4.6 

-24.0 

-9.7 

-30.0 

-12.2 

199  * 

>•05 

2 

1  « 

*S  -C4-5 


; - =  1 05  LB/  IH 

Outer  sk in 
=  2.34  K  s i 


M.5.  s  - 1  z  +  1.68 

2.3+  — = 

3  AFT  MOUNTING  g/Ni  d  ATTACH* IfNTS 
. .  UP 


.3  I  .35 


3.2  "  TYP. 


\  GUSSET 

2  \ 


19  V 


16 

DIA.  HOLE 


SECTION  A-A,  THICKNESSES  LOCAL,  INS 


Oil 


SECTION  B-B 


SYM 

AFT  MOUNTING  RING 


LOAOS 

LOAO  CONOirioN  ll.  TABLE  3,7.4./-  6 
Supersonic  maneuver  i.f  rot  £Ae*3  (s) 

^8otr  APOL'CD  =  16.9  KlP5  4 

HEEL  'TOE  Ai.T:OH 


Load  distribution  is  assumed  to 
YARY  A  5  "J  '  AND  INVERSELY  as 
MOMENT  ARM  FOR  SECT  'O  N  S  A'A 

An o  e - s . 

ASSL/Mt:  Pm  5^2  Pfl-B  WVN6<R£  . 
Pfl. q  =  FLAH&E  LoAQ 
Pa- a  *  Gusset  load  ;  2  Cossets 

Fiqurt  4-77.  (Continued) 
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A  FT  MOUNTING  R  |NQ  &  ATTACHM£nrS  CQA'T 


SECTIOH  PROPERTIES 

SE  CTlOM  A*  A  : 

A  :  .  SO  l  IN1 

Y  s  •  tfi  5  i* 

l  •  . 063 4  (d* 

SECTION  6-  fi  : 

A  *  .  AT  in1- 

Y  i  •  2.19  in 

1  s  .  0205  iw* 
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5. 0  FATIGUE  ANALYSIS 


A  preliminary  fatigue  analysis  has  been  com¬ 
pleted  for  the  B-2707.  The  analysis  results 
provide  data  on  the  fatigue  life  of  the  airframe, 
design  stress  requirements  for  fatigue,  and  the 
significance  of  mission  and  loading  parameters 
on  fatigue  life.  The  analysis  was  accomplished 
for  a  spectrum  of  predicted  B-2707  usage  and 
associated  loadings  for  selected  locations  on  the 
wing,  body  and  empennage.  The  results  are 
summarized  in  Par.  5.5. 

5. 1  FATIGUE  CRITERIA 
The  airframe  of  the  B-2707  will  have  a  design 
service  life  of  at  least  50,000  flight  hr.  Achieve¬ 
ment  of  this  goal  means  that  none  of  the  primary 
structure  will  experience  fatigue  cracking  suf¬ 
ficient  to  warrant  significant  design  modifica¬ 
tion  during  this  period.  With  normal  mainten¬ 
ance  and  inspection,  the  fatigue  life  can  be 
extended  indefinitely. 

The  structure  shall  be  designed  and  analyzed 
for  the  design  service  life  multiplied  by  a 
scatter  factor.  The  scatter  factor  shall  be 
four  except  for  the  following  situation.  Parts 
that  can  be  readily  inspected  and  replaced,  and 
where  sufficient  redundancy  exists  so  safety  is 
not  compromised,  can  be  designed  to  a  scatter 
factor  of  two. 

In  addition  to  fulfilling  the  requirements  of  this 
criteria,  full  advantage  will  be  taken  of  a  com¬ 
parative  approach  like  that  being  used  on  the 
747.  This  approach  is  based  on  an  integration 
of  fatigue  analysis,  test,  and  service  experience 
from  the  large  fleets  of  contemporary  Boeing 
commercial  airplanes.  Much  available  data 
are  being  used  to  relate  fatigue  err -king  of 
airline  operations  (and,  equally  important,  ab¬ 
sence  of  fatigue  cracking)  to  locations  and  times 
predicted  by  analyses  and  tests.  Retroactive 
checking  tests  are  also  made.  Extrapolation  of 
this  experience  to  the  SST  can  be  accomplished 
by  the  relationships  between  design  stresses, 
operating  stresses,  structural  fatigue  quality,  and 
fatigue  environment.  As  a  further  aid  in  life 
prediction  and  design  development,  a  microstress 
analysis  method  has  been  developed  and  is 
being  adapted  to  rapid  design  usage  by  computer 


methods.  This  method  has  proven  successful 
in  analytically  predicting  fatigue  failure  locations 
and  relative  fatigue  quality. 

5.2  FATIGUE  ENVIRONMENT 

The  fatigue  environment  consists  of  the  airplane 

usage  and  the  resulting  loads  and  temperatures. 

A  study  was  made  to  establish  predicted 
B-2707  operational  usage.  Flight  distances  and 
relative  frequencies  were  determined  for  integra¬ 
tion  of  the  B-2707  into  the  route  structure  of 
nine  airlines.  An  average  use  for  the  nine  air¬ 
lines  was  calculated,  and  is  shown  in  Fig.  5-1. 
Operational  flying  was  assumed  to  comprise  96 
percent  of  the  total  B-2707  flight  hours.  The 
remaining  4  percent  was  assumed  to  be  used  tor 
pilot  training  and  check  flights. 

The  loading  environment  used  in  the  fatigue  anal¬ 
ysis  was  that  resulting  from  gusts,  maneuvers, 
landing  impact,  runway  roughness,  and  pressure 
and  thermal  gradients.  Gust  data  used  in  prior 
SST  fatigue  analyses  were  based  on  the  discrete 
gust  atmospheric  definition  presented  in  Ref.  17. 
More  recent  data  for  the  higher  altitudes,  pre¬ 
sented  in  Ref.  18,  indicates  less  severe  turbu¬ 
lence  than  that  of  Ref.  17.  The  more  conserva¬ 
tive  gust  spectrum  of  Ref.  17  was  retained  for 
this  analysis  and  is  shown  in  Fig.  5-2.  For 
subsequent  fatigue  analyses  of  the  B-2707,  the 
power  spectral  density  approach  will  be  used  to 
determine  the  airplane  response  to  turbulence. 

Flight  maneuver  spectra  are  based  on  unpublish¬ 
ed  data  obtained  from  subsonic  commercial  jet 
transport  flying.  These  data  were  received  as 
an  informal  transmittal  from  the  NASA  and 
cover  about  7,400  operational  flights  (7.5  times 
10®  nmi)  and  1,400  training  and  check  flights 
(0.4  times  10®  nmi).  The  derived  maneuver 
load -factor  exceedance  curves  for  operational 
B-2707  flights  are  shown  in  Fig.  5-3. 

Landing  impact  data  for  the  fatique  analysis  were 
obtained  from  Ref.  19.  This  reference  presents 
probability  distributions  for  both  sink  speed  and 
eg  acceleration  for  subsonic  commercial  air¬ 
craft.  The  sink  speed  probability  distribution 
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ai  being  the  moat  applloable  for  predicted  88T 
ground  contact  oondltlona  and  la  ahown  In  Fig. 
5-4. 

Taxi  Incremental  load  factor  data  <n  Ref.  20 

were  uaed  for  airframe  fatigue  i . mge  oauaed 

by  runway  roughneaa.  The  Uxl  apretrom  la 
ahown  In  Fig.  5-5. 

Stresaea  cauaed  by  body  preaaure  were  cal¬ 
culated  baaed  on  a  6000 -ft  cabin  preaaure 
altitude. 

Structural  temperaturea  were  calculated  for 
standard  day  conditions  by  the  methods  described 
In  Part  C,  Design  Criteria,  Loads,  Aerodynamic 
Heating,  Flutter  (V2-B2707-7)  of  the  Airframe 
Design  Report.  The  thermal  stresses  caused 
by  the  temperature  gradients  were  calculated 
and  included  as  contributions  to  the  total  1-g 
stresses. 

5.3  S-N  CURVES 

S-N  curves  have  been  derived  from  the  results  of 
extensive  development  fatigue  testing  for  a 
variety  of  structural  details.  Three  families 
of  curves  were  selected  for  use  in  this  analysis, 
and  are  designated  as  S-N  No.  1,  S-N  No.  2, 
and  S-N  No.  3.  Each  represents  a  quality 
level  of  fatigue  resistance  representative  of 
specific  structural  details. 

S-N  No.  1  represents  the  fatigue  resistance 
of  stiffener  runouts,  access  door  panels,  and 
Taper- Lok  spanwise  splices.  It  is  used  in  the 
analysis  of  the  skin  for  the  wing  lower  surface, 
horizontal -tail  upper  surface  and  vertical  tail, 
and  is  shown  in  Fig.  5-6.  S-N  No.  2  represents 
the  attachment  of  a  machined  stiffener  free 
flange  to  a  rib  chord.  It  is  used  for  the  analysis 
of  the  stiffener  free  flange  for  the  wing  lower 
surface  and  the  horizontal-tail  upper  surface 
and  is  shown  in  Fig.  5-7.  S-N  No.  3  represents 
the  skin  in  the  skin-stiffener-split  tear  strap 
construction  in  the  thin-gage  forebody  area,  the 
skin  in  an  aftbody  longitudinal  skin  splice,  and 
the  connections  to  the  stiffener  webs  of  the 
shear  ties  to  the  frames  or  ribs  for  the 
fuselage  and  *he  vertical  tail.  S-N  No.  3  is 
shown  in  Fig.  5-8. 

5.  4  FATIGUE  ANALYSIS  PROCEDURE 
The  fatigue  analysis  was  accomplished  by 
integrating  the  fatigue  damage  from  the  total 
flight  environment  using  the  linear  cumulative 
fatigue  damage  method.  The  typical  structural 


locations  at  which  the  analyses  were  made  are 
representative  of  the  total  B-2707  configurations 
and  show  the  most  critical  fatigue  areas.  Eight 
analysis  locations  are  presented: 

•  Movable-wing  lower  surface  at  midspan. 

•  Movable-wmg  lower  surface  near  root 
(just  outboard  of  pivot-affected  area). 

•  Wing  center  section  lower  surface. 

•  Forebody  crown  area  (30  percent  of  body 
length). 

•  Forebody  crown  area  (50  percent  of  body 
length). 

•  Aftbody  crown  area. 

•  Horizontal-tail  upper  surface  near  root. 

•  Vertical  tail  near  root. 

These  locations  represent  the  general  fatigue- 
critical  areas  of  the  airframe.  By  analyzing 
at  these  locations  and  by  using  S-N  curves 
representative  of  repetitive  structural  details, 
any  reductions  in  allowable  design  stresses 
necessary  to  satisfy  fatigue-life  requirements 
can  be  determined.  From  the  amount  of  re¬ 
duction  in  design  stress  (if  required)  and  the 
area  of  structure  affected,  increments  of 
airframe  weight  necessary  to  satisfy  the  fatigue 
criteria  can  be  calculated. 

For  each  analysis  location,  the  fatigue  damage 
was  calculated  for  a  3,500-nmi  flight  and  for 
a  1,700  nmi  flight.  The  mission  profiles  for 
these  two  operational  missions  are  shown  in 
Figs.  5-9  and  5-10. 

The  fatigue  analysis  for  the  movable-wing  lower 
surface  near  the  root  is  described  to  illustrate 
the  procedure.  The  3,500-nmi  mission  was 
divided  into  24  segments.  The  segments  were 
selected  to  be  compatible  with  the  gust  altitude 
bands  and  sufficiently  small  so  that  average 
values  of  gross  weight,  speed,  altitude,  wing 
sweep,  and  temperature  would  be  representative 
of  conditions  within  a  segment.  For  each  seg¬ 
ment,  the  one-factor  mechanical  stress,  the 
thermal  stress,  the  stress  change  for  a  unit 
gust,  and  the  stress  change  for  a  unit  maneuver- 
load-factor  increment  were  calculated.  The 
fatigue  damage  caused  by  the  stress  variations 
resulting  from  gusts,  maneuvers,  landing 
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Impact,  or  runway  roughness  was  calculated 
for  each  segment  containing  that  environment. 

For  this  analysis  location  (and  most  other  lo¬ 
cations  of  the  airframe),  most  of  the  fatigue 
damage  is  caused  by  ground-air-ground  (GA  1) 
cycle  and  a  similar  secondary,  or  thermal, 
cycle,  caused  primarily  by  a  significant  varia¬ 
tion  of  the  one-factor  flight  stress.  The  GAG 
cycle  is  defined  as  the  stress  cycle  varying 
between  the  maximum  and  minimum  stresses 
statistically  experienced  once  per  flight.  The 
secondary  cycle  is  established  in  a  similar 
manner  for  subportions  of  the  flight.  This 
method  is  illustrated,  for  the  skin,  in  Fig.  5-11. 
The  fatigue  damage  from  all  sources  is  then 
added  together  to  provide  a  total  fatigue  damage 
for  the  flight,  as  shown  in  Table  5- A. 

A  similar  procedure  was  followed  for  the  1,700- 
nmi  mission.  From  the  fatigue  damage  per  flight 
for  these  missions,  and  from  the  pattern  of 


damage  variation  with  flight  length  established 
by  previous  analyses,  a  plot  was  prepared  show¬ 
ing  the  fatigue  damage  as  a  function  of  flight 
length.  This  plot  is  presented  in  Fig.  5-12. 

The  number  of  flights  of  each  length,  from  100 
to  4,900-nmi  in  200-mile  increments,  was 
determined  from  the  distribution  of  Fig.  5-1  for 
48,000  hr  of  operational  flying.  Multiplying  the 
number  of  flights  of  each  length  by  the  damage 
per  flight,  and  summing  the  products  for  all  of 
the  flight  lengths,  gave  the  total  damage  for 
operational  flights.  The  damage  caused  by 
training  flights  was  calculated  by  using  the  same 
ratio  between  total  training  flight  damage  and 
total  operational  flight  damage  as  established 
by  prior  analyses.  Any  error  resulting  from 
this  simplification  would  be  small  because  there 
are  only  2,000  hr  of  training  flights  as  compared 
to  48,000  hr  of  operational  flights.  The  fatigue 
damage  summation  and  resulting  fatigue  life 
are  shown  in  Table  5-B. 


Figur •  5-6.  S-N  No.  1 
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Because  the  calculated  fatigue  life  of  548,000  hr 
la  greater  than  the  design  requirement,  no 
reduction  In  the  allowable  design  stress,  below 
that  used  for  static  sizing,  is  required.  If  the 
calculated  fatigue  life  had  been  less  than  the 
required  life,  the  analysis  would  have  been 
repeated  for  a  reduced  allowable  design  stress. 
By  repeating  the  analysis  for  different  values  of 
allowable  stress,  the  relationship  between 
fatigue  life  and  allowable  design  stress  could 
be  determined.  The  design  stress  that  would 
give  the  required  life  could  then  be  established 
from  a  plot  of  this  relationship.  This  is 
illustrated  in  Fig.  5-13. 


In  order  to  evaluate  the  primury  contributions 
to  the  airframe  weight  required  by  fatigue 
considerations,  this  preliminary  analysis  has 
emphasized  evaluation  of  the  basic  structure  of 
the  airframe.  Structural  Joints  are  also  poten- 
tail  fatigue-critical  items.  Satisfactory  fatigue 
life  can  be  developed  for  the  joints  by  suitable 
local  pad-up  (as  a  part  of  good  detail  design). 
The  total  contribution  of  this  local  incremental 
weight  to  the  airframe  weight  is  small  when 
compared  to  that  which  would  result  from  a 
reduction  in  the  allowable  design  stress  for 
general  areas  of  the  structure.  Therefore,  the 
weight  increment  for  joint  fatigue  requirements 


Figur •  5-7.  S-N  No.  2 
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was  estimated  from  the  results  of  prior  fatigue 
analyses  and  from  consideration  of  the  size  of 
the  B-2707  relative  to  the  size  of  the  SST  models 
previously  analyzed. 

5.5  FATIGUE  ANALYSIS  RESULTS 
The  calculated  fatigue  lives  for  the  analysis 
locations  are  summarized  in  Table  5-C.  For 
each  analysis  section,  the  fatigue  life  for  a 
skin  element  and  a  stiffener  element  is  shown  for 
structure  sized  by  static  strength  requirements. 
Except  for  the  wing-center-section  lower  sur¬ 
face  skin,  all  of  the  fatigue  lives  exceed  the 
maximum  analysis  requirement  of  200,000  hr 
(scatter  factor  of  four).  In  order  to  conservative¬ 
ly  show  200,  000  hr  life  for  the  center  section, 
a  reduction  in  design  stress  to  90  percent  of 
that  permitted  for  static  sizing  is  required.  This 
results  in  a  50-lb  weight  increment  for  the 
center  section  basic  structure.  The  weight 
increment  for  the  joint  areas  is  110  lb,  giving  a 


total  fatigue  weight  increment  of  160  lb,  which 
is  included  in  the  weight  statement. 

For  all  of  the  analysis  locations,  almost  all  of 
the  calculated  fatigue  damage  was  caused  by 
the  GAG  and  secondary  cycles.  Variations  about 
the  mean  stress  caused  by  gusts,  maneuvers, 
landing  impact  cycles,  and  runway  roughness  did 
not  contribute  significant  fatigue  damage.  They 
did,  however,  contribute  significantly  to  max¬ 
imum  and  minimum  stresses  for  the  GAG  and 
secondary  cycles. 

5.6  ONE -G  STRESSES 

The  variations  of  1-g  stresses  with  time  during 
the  flight  were  plotted  for  the  3, 500-nmi  mis¬ 
sion.  For  each  of  the  eight  analysis  locations, 
the  1-g  mechanical  stresses  were  determined 
along  with  the  total  stresses  resulting  from 
mechanical  and  thermal  stresses  for  both  the 
skin  and  the  stiffener.  These  are  shown  in 
Figs.  5-14  through  5-21. 
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Figurt  5-8.  5-N  No.  3 
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Figure  5-11.  Illustration  of  GAG  and  Saeondary  Cycla 
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Toil*  5  -  A.  Fatlgut-Damaga  Summary  For  Wing  Lowor-Surfaco  Skin  (  Root  )  for  3500 -N  Ml  Mission 


Flight  Segment 


AltUude, 

lO^FT 


Mach  Flap 
No.  Position 


1.0 

3 

1.0 

a 

5.7 

5 

15.0 

G 

23.0 

n 

28.5 

8 

35.7 

9 

42.5 

10 

47.5 

11 

55.2 

12 

61.5 

13 

64.5 

14 

G7.0 

mm 

G5.5 

1G 

55.0 

17 

45.0 

lb 

35.5 

19 

25.5 

20 

15.0 

21 

G.O 

22 

1.0 

Fatigue  Damage  in  1,000  Flights,  Percent 


Landing  Gag  Secondary 
aneuver  Impact  Cycle  Cycle(s) 


Taxi 


0.30 


.45 


0.57 


0.68 


.81 


0.90 


1.10 


1.38 


1.83 


2.40 


2.70 


2.70 


2.70 


2.04 


1.22 


0.90 


0.75 


0.60 


0.50 


0.38 


0.26 


Landing  Impact 


Taxi 


Totals 


0.4G5  0.0230G 


Total  Damage  In  1,000  Flights  =  0.4882  Percent 


Total  Damage  Per  Flight  =  0.000488  Percent 
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Figure  5-12.  Fatigue— Damage  Variation  With  Operational  Flight  Length 
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Tabla  5  -  B.  Fatigua  Damaga  Summary 


Structural  Location:  Movable  Wing,  Lower  Surface  Near  Root,  Skin 


Flight  Length, 
NM1 

No.  of  Flights 
per  48,000  Hr 
of  Operational  Flights 

Fatigue  Damage 
per  Flight, 

Percent 

Fatigue  Damage 
per  48,000  Hr 
of  Operational  Flights 

100 

345 

0.000100 

0.035 

300 

661 

0.000100 

0.066 

500 

661 

0.000115 

0.076 

700 

3,707 

0.000143 

0.530 

900 

1,380 

_ -  - 

0.000180 

0.248 

1,100 

1,609 

0.000195 

0.314 

1,300 

1,466 

0.000220 

0.323 

1,500 

2,874 

0.000250 

0.719 

1,700 

2,644 

0.000272 

0.719 

1,900 

1,265 

0.000295 

0.373 

2,100 

2,788 

0.000320 

0.892 

2,300 

1,811 

0.000350 

0.634 

2,500 

517 

0.000370 

0.191 

2,700 

575 

0.000395 

0.227 

2,900 

2,156 

0.000420 

0.906 

3,100 

1,897 

0.000440 

0.835 

3,300 

431 

0.000460 

0.198 

3,500 

833 

0.000490 

0.408 

3,700 

345 

0.000510 

0.176 

3,900 

57 

0.000530 

0.030 

4,100 

575 

0.000545 

0.313 

4,300 

57 

0.000545 

0.031 

4,500 

0 

0.000545 

0.000 

4,7"0 

57 

0.000545 

0.031 

4,900 

29 

0.000545 

0.016 

8.291 


Damage  for  Training  Missions  =  0.829 

Total  Damage  for  50,000  Hours  =  9.120 


Fatigue  Life,  Hours 


548,000 
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Figure  5-13.  Design  Stress  Determination  for  Fatigue  Life 
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T akla  5  -  C.  Faflgva  Lift  Summary 


Location 

Structural 

Element 

Fatigue  Life 

For  Static 

Design,  Hours 

Fatigue  Life 
Design 

Service  Life 

Movable 

Wing 

Lower 

Surface 

Root 

Skin 

548, 000 

11.0 

Stiffener 

652,000 

13.0 

Midspan 

Skin 

2,500,000 

50.0 

Stiffener 

500,000 

10.0 

Wing  Center  Section 

Lower  Surface 

Skin 

135,000* 

2.7* 

Stiffener 

318,000 

6.4 

Forward 

Body 

Crown 

30% 

Body 

Length 

Skin 

ao 

>100 

Stiffener 

oo 

>100 

50% 

Body 

Length 

Skin 

00 

>100 

Stiffener 

oo 

>100 

Aft  Body  Crown 

Skin 

Stiffener 

590,000 

295,000 

11.8 

5.9 

Horizontal  Tail  Upper 

Surface  at  Root 

Skin 

590,000 

11.8 

Stiffener 

11,800,000 

>100 

Vertical  Tail 
at  Root 

Skin 

OO 

>100 

Stiffener 

808,000 

16,0 

♦Design  stress  subsequently  reduced  to  0.90  static  design  stress.  This  provides  200,  000  hr  fatigue 
life  and  a  ratio  of  four  between  fatigue  life  and  design  service  life. 
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V2-B2707-6-2 


Figutt  5-17.  Ons -g  Strut  History,  Forword-Futolag •  Crown  (30  Porcont  Fusslag*  Longthl 
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STRESS  KSI 


n  =  1+  THERMAL,  SPAR  CHORD  FLANGE 


n  =1  (NO  THERMAL) 
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3.500  NMI  MISSION 


10  20  30  40  50  6  0  7  0  80  90  100  110  120  130  140  150  160  170 
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Figure  5-21.  Ono-g  Strut  History,  Vortical  Tail  at  Root 
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